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FEATURES 
3-axis sensing 
Small, low profile package 

4 mm × 4 mm × 1.45 mm LFCSP 
Low power : 350 μA (typical) 
Single-supply operation: 1.8 V to 3.6 V 
10,000 g shock survival 
Excellent temperature stability 
BW adjustment with a single capacitor per axis 
RoHS/WEEE lead-free compliant 

APPLICATIONS 
Cost sensitive, low power, motion- and tilt-sensing 

applications 
Mobile devices 
Gaming systems 
Disk drive protection 
Image stabilization 
Sports and health devices 

GENERAL DESCRIPTION 
The ADXL335 is a small, thin, low power, complete 3-axis accel-
erometer with signal conditioned voltage outputs. The product 
measures acceleration with a minimum full-scale range of ±3 g. 
It can measure the static acceleration of gravity in tilt-sensing 
applications, as well as dynamic acceleration resulting from 
motion, shock, or vibration.  

The user selects the bandwidth of the accelerometer using the 
CX, CY, and CZ capacitors at the XOUT, YOUT, and ZOUT pins. 
Bandwidths can be selected to suit the application, with a 
range of 0.5 Hz to 1600 Hz for the X and Y axes, and a range  
of 0.5 Hz to 550 Hz for the Z axis. 

The ADXL335 is available in a small, low profile, 4 mm ×  
4 mm × 1.45 mm, 16-lead, plastic lead frame chip scale package 
(LFCSP_LQ). 
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SPECIFICATIONS 
TA = 25°C, VS = 3 V, CX = CY = CZ = 0.1 μF, acceleration = 0 g, unless otherwise noted. All minimum and maximum specifications are 
guaranteed. Typical specifications are not guaranteed. 

Table 1.  
Parameter Conditions Min Typ Max Unit 
SENSOR INPUT Each axis     

Measurement Range  ±3 ±3.6  g 

Nonlinearity % of full scale  ±0.3  % 
Package Alignment Error   ±1  Degrees 
Interaxis Alignment Error   ±0.1  Degrees 
Cross-Axis Sensitivity1

   ±1  % 

SENSITIVITY (RATIOMETRIC)2
 Each axis     

Sensitivity at XOUT, YOUT, ZOUT VS = 3 V 270 300 330 mV/g 
Sensitivity Change Due to Temperature3

 VS = 3 V   ±0.01  %/°C 

ZERO g BIAS LEVEL (RATIOMETRIC)      
0 g Voltage at XOUT, YOUT VS = 3 V 1.35 1.5 1.65 V 
0 g Voltage at ZOUT VS = 3 V 1.2 1.5 1.8 V 
0 g Offset vs. Temperature   ±1  mg/°C 

NOISE PERFORMANCE      
Noise Density XOUT, YOUT   150  μg/√Hz rms 
Noise Density ZOUT   300  μg/√Hz rms 

FREQUENCY RESPONSE4
      

Bandwidth XOUT, YOUT
5

 No external filter  1600  Hz 

Bandwidth ZOUT
5

 No external filter  550  Hz 

RFILT Tolerance   32 ± 15%  kΩ 
Sensor Resonant Frequency   5.5  kHz 

SELF-TEST6
      

Logic Input Low   +0.6  V 
Logic Input High   +2.4  V 

ST Actuation Current   +60  μA 
Output Change at XOUT Self-Test 0 to Self-Test 1 −150 −325 −600 mV 
Output Change at YOUT Self-Test 0 to Self-Test 1 +150 +325 +600 mV 
Output Change at ZOUT Self-Test 0 to Self-Test 1 +150 +550 +1000 mV 

OUTPUT AMPLIFIER      
Output Swing Low No load  0.1  V 
Output Swing High No load  2.8  V 

POWER SUPPLY      
Operating Voltage Range  1.8  3.6 V 
Supply Current VS = 3 V  350  μA 

Turn-On Time7
 No external filter  1  ms 

TEMPERATURE      
Operating Temperature Range  −40  +85 °C 

 
1 Defined as coupling between any two axes. 
2 Sensitivity is essentially ratiometric to VS.  
3 Defined as the output change from ambient-to-maximum temperature or ambient-to-minimum temperature. 
4 Actual frequency response controlled by user-supplied external filter capacitors (CX, CY, CZ). 
5 Bandwidth with external capacitors = 1/(2 × π × 32 kΩ × C). For CX, CY = 0.003 μF, bandwidth = 1.6 kHz. For CZ = 0.01 μF, bandwidth = 500 Hz. For CX, CY, CZ = 10 μF, 

bandwidth = 0.5 Hz.  
6 Self-test response changes cubically with VS. 
7 Turn-on time is dependent on CX, CY, CZ and is approximately 160 × CX or CY or CZ + 1 ms, where CX, CY, CZ are in microfarads (μF).  
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ABSOLUTE MAXIMUM RATINGS
Table 2.  
Parameter Rating 
Acceleration (Any Axis, Unpowered) 10,000 g 
Acceleration (Any Axis, Powered) 10,000 g 
VS −0.3 V to +3.6 V 
All Other Pins (COM − 0.3 V) to (VS + 0.3 V) 
Output Short-Circuit Duration  

(Any Pin to Common) 
Indefinite 

Temperature Range (Powered) −55°C to +125°C 
Temperature Range (Storage) −65°C to +150°C 

 

Stresses above those listed under Absolute Maximum Ratings 
may cause permanent damage to the device. This is a stress 
rating only; functional operation of the device at these or any 
other conditions above those indicated in the operational 
section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 

ESD CAUTION 
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS 
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Figure 2. Pin Configuration 

Table 3. Pin Function Descriptions 
Pin No. Mnemonic Description 
1 NC No Connect1. 
2 ST Self-Test. 
3 COM Common. 
4 NC No Connect1. 
5 COM Common. 
6 COM Common. 
7 COM Common. 
8 ZOUT Z Channel Output. 
9 NC No Connect1. 
10 YOUT Y Channel Output. 
11 NC No Connect1. 
12 XOUT X Channel Output. 
13 NC No Connect1. 
14 VS Supply Voltage (1.8 V to 3.6 V). 
15 VS Supply Voltage (1.8 V to 3.6 V). 
16 NC No Connect1. 
EP Exposed Pad Not internally connected. Solder for mechanical integrity. 

1NC pins are not internally connected and can be tied to COM pins, unless otherwise noted. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
N > 1000 for all typical performance plots, unless otherwise noted. 
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Figure 3. X-Axis Zero g Bias at 25°C, VS = 3 V 
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Figure 4. Y-Axis Zero g Bias at 25°C, VS = 3 V 
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Figure 5. Z-Axis Zero g Bias at 25°C, VS = 3 V 
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Figure 9. X-Axis Zero g Bias Temperature Coefficient, VS = 3 V 
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Figure 10. Y-Axis Zero g Bias Temperature Coefficient, VS = 3 V 
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Figure 11. Z-Axis Zero g Bias Temperature Coefficient, VS = 3 V 
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Figure 12. X-Axis Zero g Bias vs. Temperature— 
Eight Parts Soldered to PCB 
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Figure 13. Y-Axis Zero g Bias vs. Temperature— 
Eight Parts Soldered to PCB 
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Figure 14. Z-Axis Zero g Bias vs. Temperature— 
Eight Parts Soldered to PCB 
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Figure 15. X-Axis Sensitivity at 25°C, VS = 3 V 
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Figure 16. Y-Axis Sensitivity at 25°C, VS = 3 V 
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Figure 17. Z-Axis Sensitivity at 25°C, VS = 3 V 
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Figure 18. X-Axis Sensitivity vs. Temperature— 
Eight Parts Soldered to PCB, VS = 3 V 
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Figure 19. Y-Axis Sensitivity vs. Temperature— 
Eight Parts Soldered to PCB, VS = 3 V 
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Figure 20. Z-Axis Sensitivity vs. Temperature— 
Eight Parts Soldered to PCB, VS = 3 V 
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Figure 21. Typical Current Consumption vs. Supply Voltage 
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Figure 22. Typical Turn-On Time, VS = 3 V  
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THEORY OF OPERATION 
The ADXL335 is a complete 3-axis acceleration measurement 
system. The ADXL335 has a measurement range of ±3 g mini-
mum. It contains a polysilicon surface-micromachined sensor 
and signal conditioning circuitry to implement an open-loop 
acceleration measurement architecture. The output signals are 
analog voltages that are proportional to acceleration. The 
accelerometer can measure the static acceleration of gravity  
in tilt-sensing applications as well as dynamic acceleration 
resulting from motion, shock, or vibration. 

The sensor is a polysilicon surface-micromachined structure 
built on top of a silicon wafer. Polysilicon springs suspend the 
structure over the surface of the wafer and provide a resistance 
against acceleration forces. Deflection of the structure is meas-
ured using a differential capacitor that consists of independent 
fixed plates and plates attached to the moving mass. The fixed 
plates are driven by 180° out-of-phase square waves. Acceleration 
deflects the moving mass and unbalances the differential capacitor 
resulting in a sensor output whose amplitude is proportional to 
acceleration. Phase-sensitive demodulation techniques are then 
used to determine the magnitude and direction of the 
acceleration. 

The demodulator output is amplified and brought off-chip 
through a 32 kΩ resistor. The user then sets the signal 
bandwidth of the device by adding a capacitor. This filtering 
improves measurement resolution and helps prevent aliasing. 

MECHANICAL SENSOR 
The ADXL335 uses a single structure for sensing the X, Y, and  
Z axes. As a result, the three axes’ sense directions are highly 
orthogonal and have little cross-axis sensitivity. Mechanical 
misalignment of the sensor die to the package is the chief 
source of cross-axis sensitivity. Mechanical misalignment  
can, of course, be calibrated out at the system level. 

PERFORMANCE 
Rather than using additional temperature compensation circui-
try, innovative design techniques ensure that high performance 
is built in to the ADXL335. As a result, there is no quantization 
error or nonmonotonic behavior, and temperature hysteresis  
is very low (typically less than 3 mg over the −25°C to +70°C 
temperature range).  
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APPLICATIONS INFORMATION 
POWER SUPPLY DECOUPLING 
For most applications, a single 0.1 μF capacitor, CDC, placed 
close to the ADXL335 supply pins adequately decouples the 
accelerometer from noise on the power supply. However, in 
applications where noise is present at the 50 kHz internal clock 
frequency (or any harmonic thereof), additional care in power 
supply bypassing is required because this noise can cause errors 
in acceleration measurement.  

If additional decoupling is needed, a 100 Ω (or smaller) resistor 
or ferrite bead can be inserted in the supply line. Additionally, a 
larger bulk bypass capacitor (1 μF or greater) can be added in 
parallel to CDC. Ensure that the connection from the ADXL335 
ground to the power supply ground is low impedance because 
noise transmitted through ground has a similar effect to noise 
transmitted through VS. 

SETTING THE BANDWIDTH USING CX, CY, AND CZ 
The ADXL335 has provisions for band limiting the XOUT, YOUT, 
and ZOUT pins. Capacitors must be added at these pins to imple-
ment low-pass filtering for antialiasing and noise reduction. The 
equation for the 3 dB bandwidth is 

F−3 dB = 1/(2π(32 kΩ) × C(X, Y, Z)) 

or more simply  

F–3 dB = 5 μF/C(X, Y, Z) 

The tolerance of the internal resistor (RFILT) typically varies as 
much as ±15% of its nominal value (32 kΩ), and the bandwidth 
varies accordingly. A minimum capacitance of 0.0047 μF for CX, 
CY, and CZ is recommended in all cases. 

Table 4. Filter Capacitor Selection, CX, CY, and CZ 
Bandwidth (Hz) Capacitor (μF) 
1 4.7 
10 0.47 
50 0.10 
100 0.05 
200 0.027 
500 0.01 

SELF-TEST 
The ST pin controls the self-test feature. When this pin is set to 
VS, an electrostatic force is exerted on the accelerometer beam. 
The resulting movement of the beam allows the user to test if 
the accelerometer is functional. The typical change in output  
is −1.08 g (corresponding to −325 mV) in the X-axis, +1.08 g 
(or +325 mV) on the Y-axis, and +1.83 g (or +550 mV) on the 
Z-axis. This ST pin can be left open-circuit or connected to 
common (COM) in normal use. 

Never expose the ST pin to voltages greater than VS + 0.3 V.  
If this cannot be guaranteed due to the system design (for 
instance, if there are multiple supply voltages), then a low  
VF clamping diode between ST and VS is recommended. 

DESIGN TRADE-OFFS FOR SELECTING FILTER 
CHARACTERISTICS: THE NOISE/BW TRADE-OFF 
The selected accelerometer bandwidth ultimately determines 
the measurement resolution (smallest detectable acceleration). 
Filtering can be used to lower the noise floor to improve the 
resolution of the accelerometer. Resolution is dependent on  
the analog filter bandwidth at XOUT, YOUT, and ZOUT.  

The output of the ADXL335 has a typical bandwidth of greater 
than 500 Hz. The user must filter the signal at this point to  
limit aliasing errors. The analog bandwidth must be no more 
than half the analog-to-digital sampling frequency to minimize 
aliasing. The analog bandwidth can be further decreased to 
reduce noise and improve resolution. 

The ADXL335 noise has the characteristics of white Gaussian 
noise, which contributes equally at all frequencies and is 
described in terms of μg/√Hz (the noise is proportional to the 
square root of the accelerometer bandwidth). The user should 
limit bandwidth to the lowest frequency needed by the applica-
tion to maximize the resolution and dynamic range of the 
accelerometer. 

With the single-pole, roll-off characteristic, the typical noise of 
the ADXL335 is determined by 

)1.6( ××= BWDensityNoiseNoiserms  

It is often useful to know the peak value of the noise. Peak-to-
peak noise can only be estimated by statistical methods. Table 5 
is useful for estimating the probabilities of exceeding various 
peak values, given the rms value. 

Table 5. Estimation of Peak-to-Peak Noise 

Peak-to-Peak Value 
% of Time That Noise Exceeds 
Nominal Peak-to-Peak Value 

2 × rms 32 
4 × rms 4.6 
6 × rms 0.27 
8 × rms 0.006 

USE WITH OPERATING VOLTAGES OTHER THAN 3 V 
The ADXL335 is tested and specified at VS = 3 V; however, it 
can be powered with VS as low as 1.8 V or as high as 3.6 V. Note 
that some performance parameters change as the supply voltage 
is varied. 
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The ADXL335 output is ratiometric, therefore, the output 
sensitivity (or scale factor) varies proportionally to the  
supply voltage. At VS = 3.6 V, the output sensitivity is typi- 
cally 360 mV/g. At VS = 2 V, the output sensitivity is typically 
195 mV/g. 

The zero g bias output is also ratiometric, thus the zero g  
output is nominally equal to VS/2 at all supply voltages. 

The output noise is not ratiometric but is absolute in volts; 
therefore, the noise density decreases as the supply voltage 
increases. This is because the scale factor (mV/g) increases 
while the noise voltage remains constant. At VS = 3.6 V,  
the X-axis and Y-axis noise density is typically 120 μg/√Hz, 
whereas at VS = 2 V, the X-axis and Y-axis noise density is 
typically 270 μg/√Hz. 

Self-test response in g is roughly proportional to the square of 
the supply voltage. However, when ratiometricity of sensitivity 
is factored in with supply voltage, the self-test response in volts 
is roughly proportional to the cube of the supply voltage. For 
example, at VS = 3.6 V, the self-test response for the ADXL335 
 is approximately −560 mV for the X-axis, +560 mV for the  
Y-axis, and +950 mV for the Z-axis.  

At VS = 2 V, the self-test response is approximately −96 mV for 
the X-axis, +96 mV for the Y-axis, and −163 mV for the Z-axis. 

The supply current decreases as the supply voltage decreases. 
Typical current consumption at VS = 3.6 V is 375 μA, and typi-
cal current consumption at VS = 2 V is 200 μA. 

AXES OF ACCELERATION SENSITIVITY 
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Figure 23. Axes of Acceleration Sensitivity; Corresponding Output Voltage 
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Figure 24. Output Response vs. Orientation to Gravity 
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LAYOUT AND DESIGN RECOMMENDATIONS 
The recommended soldering profile is shown in Figure 25 followed by a description of the profile features in Table 6. The recommended 
PCB layout or solder land drawing is shown in Figure 26.  
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Figure 25. Recommended Soldering Profile 

Table 6. Recommended Soldering Profile  
Profile Feature Sn63/Pb37 Pb-Free 
Average Ramp Rate (TL to TP) 3°C/sec max  3°C/sec max 
Preheat   

Minimum Temperature (TSMIN) 100°C 150°C 
Maximum Temperature (TSMAX) 150°C 200°C 
Time (TSMIN to TSMAX)(tS) 60 sec to 120 sec 60 sec to 180 sec 

TSMAX to TL   
Ramp-Up Rate 3°C/sec max 3°C/sec max 

Time Maintained Above Liquidous (TL)   
Liquidous Temperature (TL) 183°C 217°C 
Time (tL) 60 sec to 150 sec 60 sec to 150 sec 

Peak Temperature (TP) 240°C + 0°C/−5°C 260°C + 0°C/−5°C 
Time Within 5°C of Actual Peak Temperature (tP) 10 sec to 30 sec 20 sec to 40 sec 
Ramp-Down Rate 6°C/sec max  6°C/sec max 
Time 25°C to Peak Temperature 6 minutes max 8 minutes max 
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INTERNALLY CONNECTED
BUT SHOULD BE SOLDERED
FOR MECHANICAL INTEGRITY.
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Figure 26. Recommended PCB Layout 
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EXPOSED
PAD

PIN 1
INDICATOR

2.55
2.40 SQ
2.25

0.55
0.50
0.45

SEATING
PLANE

1.50
1.45
1.40 0.05 MAX

0.02 NOM

0.15 REF

COPLANARITY
0.08

0.15 MAX

PIN 1
INDICATOR

4.15
4.00 SQ
3.85

0.35
0.30
0.25

FOR PROPER CONNECTION OF
THE EXPOSED PAD, REFER TO
THE PIN CONFIGURATION AND
FUNCTION DESCRIPTIONS
SECTION OF THIS DATA SHEET.

 
Figure 27. 16-Lead Lead Frame Chip Scale Package [LFCSP_LQ] 

4 mm × 4 mm Body, 1.45 mm Thick Quad 
(CP-16-14) 

Dimensions shown in millimeters 

ORDERING GUIDE 
Model Measurement Range Specified Voltage  Temperature Range Package Description Package Option 
ADXL335BCPZ1

 ±3 g 3 V −40°C to +85°C 16-Lead LFCSP_LQ CP-16-14 
ADXL335BCPZ–RL1

 ±3 g 3 V −40°C to +85°C 16-Lead LFCSP_LQ CP-16-14 
ADXL335BCPZ–RL71

 ±3 g 3 V −40°C to +85°C 16-Lead LFCSP_LQ CP-16-14 
EVAL-ADXL335Z1     Evaluation Board  
 
1 Z = RoHS Compliant Part. 
 



 ADXL335
 

Page 15 of 16 

NOTES 



ADXL335 
 

Rev. 0 | Page 16 of 16 

NOTES 
 

 

 

©2009 Analog Devices, Inc. All rights reserved. Trademarks and  
 registered trademarks are the property of their respective owners. 
  D07808-0-1/09(0)  











The  Arduino  Uno  is  a  microcontroller  board  based  on  the  ATmega328  (datasheet).  It  has  14  digital 
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a 
USB connection,  a power jack,  an ICSP header,  and a reset  button.  It  contains everything needed to 
support the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC 
adapter or battery to get started. The Uno differs from all preceding boards in that it does not use the FTDI 
USB-to-serial driver chip. Instead, it features the Atmega8U2 programmed as a USB-to-serial converter.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and version 
1.0 will be the reference versions of Arduno, moving forward. The Uno is the latest in a series of USB 
Arduino boards, and the reference model for the Arduino platform; for a comparison with previous versions, 
see the index of Arduino boards.

http://arduino.cc/en/Main/Boards
http://www.atmel.com/dyn/resources/prod_documents/doc8161.pdf


EAGLE files: arduino-duemilanove-uno-design.zip Schematic: arduino-uno-schematic.pdf

Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per I/O Pin 40 mA
DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB of which 0.5 KB used by 
bootloader

SRAM 2 KB 
EEPROM 1 KB 
Clock Speed 16 MHz



The Arduino Uno can be powered via the USB connection or with an external power supply. The power  
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The adapter 
can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a 
battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V 
pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage 
regulator may overheat and damage the board.  The recommended range is 7 to 12 volts.

The power pins are as follows: 

• VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 
5 volts from the USB connection or other regulated power source). You can supply voltage through 
this pin, or, if supplying voltage via the power jack, access it through this pin. 

• 5V. The regulated power supply used to power the microcontroller and other components on the 
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another 
regulated 5V supply. 

• 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA. 
• GND. Ground pins. 

The Atmega328 has 32 KB of flash memory for storing code (of which 0,5 KB is used for the bootloader); It  
has also 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM library).

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and 
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and 
has an internal  pull-up resistor  (disconnected by default)  of  20-50 kOhms.  In  addition,  some pins have 
specialized functions: 

• Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. TThese pins are 
connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip . 

• External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a 
rising or falling edge, or a change in value. See the attachInterrupt() function for details. 

• PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function. 
• SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which, 

although provided by the underlying hardware, is not currently included in the Arduino language. 

• LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is  
on, when the pin is LOW, it's off. 

http://arduino.cc/en/Reference/AnalogWrite
http://arduino.cc/en/Reference/AttachInterrupt
http://arduino.cc/en/Reference/DigitalRead
http://arduino.cc/en/Reference/DigitalWrite
http://arduino.cc/en/Reference/PinMode
http://www.arduino.cc/en/Reference/EEPROM


The Uno has 6 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By  
default they measure from ground to 5 volts, though is it possible to change the upper end of their range 
using  the  AREF  pin  and  the  analogReference()  function.  Additionally,  some  pins  have  specialized 
functionality: 

• I2C: 4 (SDA) and 5 (SCL). Support I2C (TWI) communication using the Wire library. 

There are a couple of other pins on the board: 

• AREF. Reference voltage for the analog inputs. Used with analogReference(). 
• Reset. Bring this line LOW to reset  the microcontroller.  Typically  used to add a reset  button to 

shields which block the one on the board. 

See also the mapping between Arduino pins and Atmega328 ports. 

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other 
microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on 
digital pins 0 (RX) and 1 (TX). An ATmega8U2 on the board channels this serial communication over USB 
and appears as a virtual com port to software on the computer. The '8U2 firmware uses the standard USB 
COM drivers, and no external driver is needed. However, on Windows, an *.inf file is required..

The Arduino software includes a serial monitor which allows simple textual data to be sent to and from the 
Arduino board. The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-
serial chip and USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins. 

The  ATmega328 also support  I2C (TWI) and SPI communication. The Arduino software includes a Wire 
library to simplify use of the  I2C bus; see the  documentation for details. To use the SPI communication, 
please see the ATmega328 datasheet. 

The  Arduino  Uno  can  be  programmed  with  the  Arduino  software  (download).  Select  "Arduino  Uno  w/ 
ATmega328" from the  Tools > Board menu (according to the microcontroller on your board). For details,  
see the reference and tutorials. 

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new code 
to  it  without  the use of  an external  hardware  programmer.  It  communicates  using the original  STK500 
protocol (reference, C header files). 

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial 
Programming) header; see these instructions for details. 

The ATmega8U2 firmware source code is available . The ATmega8U2 is loaded with a DFU bootloader,  
which can be activated by connecting the solder jumper on the back of the board (near the map of Italy) and  
then resetting the 8U2. You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac 
OS X and Linux) to load a new firmware. Or you can use the ISP header with an external programmer 
(overwriting the DFU bootloader). 

http://dfu-programmer.sourceforge.net/
http://www.atmel.com/dyn/products/tools_card.asp?tool_id=3886
http://dev.arduino.cc/wiki/uno/Hacking/Programmer
http://www.atmel.com/dyn/resources/prod_documents/avr061.zip
http://www.atmel.com/dyn/resources/prod_documents/doc2525.pdf
http://arduino.cc/en/Tutorial/Bootloader
http://arduino.cc/en/Tutorial/HomePage
http://arduino.cc/en/Reference/HomePage
http://arduino.cc/en/Main/Software
http://arduino.cc/en/Reference/Wire
http://www.arduino.cc/en/Reference/SoftwareSerial
http://arduino.cc/en/Hacking/PinMapping168
http://arduino.cc/en/Reference/AnalogReference
http://arduino.cc/en/Reference/Wire
http://arduino.cc/en/Reference/AnalogReference


Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a  
way that allows it to be reset by software running on a connected computer. One of the hardware flow control  
lines (DTR)  of  the ATmega8U2 is  connected to  the reset  line of  the ATmega328 via  a  100 nanofarad 
capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the chip. The 
Arduino software uses this capability to allow you to upload code by simply pressing the upload button in the  
Arduino environment. This means that the bootloader can have a shorter timeout, as the lowering of DTR 
can be well-coordinated with the start of the upload. 

This setup has other implications. When the Uno is connected to either a computer running Mac OS X or 
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or 
so, the bootloader is running on the  Uno. While it is programmed to ignore malformed data (i.e. anything 
besides  an  upload  of  new code),  it  will  intercept  the  first  few bytes  of  data  sent  to  the board  after  a  
connection is opened. If a sketch running on the board receives one-time configuration or other data when it  
first  starts,  make sure  that  the  software  with  which  it  communicates  waits  a  second after  opening the  
connection and before sending this data. 

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can  
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset 
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details. 

The  Arduino  Uno has  a  resettable  polyfuse  that  protects  your  computer's  USB ports  from shorts  and 
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer 
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection 
until the short or overload is removed. 

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB connector 
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to 
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple 
of the 100 mil spacing of the other pins. 

http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1213719666/all


Arduino can sense the environment by receiving input from a variety of sensors and can affect its 
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is 
programmed  using  the  Arduino  programming  language (based  on  Wiring)  and  the  Arduino 
development environment (based on Processing). Arduino projects can be stand-alone or they can 
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You’ll have to follow different instructions for your personal 
OS. Check on the Arduino site for the latest instructions.  http://arduino.cc/en/Guide/HomePage

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Now you’re actually ready to “burn” your 
first  program on the arduino board. To 
select “blink led”, the physical translation 
of  the  well  known  programming  “hello 
world”, select

File>Sketchbook>
Arduino-0017>Examples>
Digital>Blink

Once you have your skecth you’ll 
see something very close to the 
screenshot on the right. 

In Tools>Board select

Now you have to go to
Tools>SerialPort 
and select the right serial port, the 
one arduino is attached to.

http://arduino.cc/en/Guide/HomePage
http://www.processing.org/
http://wiring.org.co/
http://arduino.cc/en/Reference/HomePage




1.      Warranties 

1.1     The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The 
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,  
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from 
Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems 
necessary.

1.2     If any  products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability 
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the 
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3     EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER 
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4     Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the 
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other 
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth 
above, and no additional obligations or liabilities shall arise from the producer providing such services.

1.5     The Arduino products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause 
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the 
operation of nuclear facilities and weapons systems. Arduino products are neither designed nor intended for use in military or aerospace applications or 
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino products which  is solely 
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its 
products and any use of Arduino products in Customer's applications, notwithstanding any applications-related information or support that may be 
provided by the producer.

2.       Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,  
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this 
terms and conditions or (ii) the gross negligence or willful misconduct by the Customer.

3.        Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or  
exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the 
possibility of such damages. This section will survive the termination of the warranty period.

4.      Changes to specifications

The producer  may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or 
characteristics of any features or instructions marked "reserved" or "undefined." The producer reserves these for future definition and shall have no 
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is 
subject to change without notice. Do not finalize a design with this information.

The producer of Arduino  has joined the Impatto Zero® 
policy of LifeGate.it. For each Arduino board produced is 
created / looked after half  squared Km of Costa Rica’s 
forest’s.
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Hall-effect Position Sensors with Sealed Housing
The 103SR Series Hall-effect position sensor assemblies are sealed in aluminum or stainless-steel 
threaded housings and meet NEMA 3, 3R, 3S, 4, 4X (stainless-steel housing),12 and 13 requirements. 
They respond to the magnetic field from permanent magnets or electromagnets. These rugged non-
contact sensing products use versatile, reliable Hall-effect sensor ICs that are operated by a magnetic 
field and are designed to respond to alternating North and South Poles or to South Pole only.

103SR Series Hall-effect position sensors include digital unipolar, latching, and linear magnetic types, 
available in a number of sensitivities to meet a variety of customers’ application requirements. The digital 
version of 103SR Series Hall-effect position sensors delivers stable output over -40 °C to 100 °C [-40 °F 
to 212 °F] temperature range with 20 mA current sinking capability, and can accept dc supply voltage 
from 4.5 Vdc to 24 Vdc. The linear version operates from -40 °C to 125 °C [-40 °F to 257 °F] across a 
supply voltage range of 4.5 Vdc to 10.5 Vdc. 

The standard open-collector sinking output (digital devices) or push-pull output (linear device) of the 
103SR Series Hall-effect position sensors can be easily interfaced with common electronic circuitry 
such as microprocessors, integrated logic, discrete transistors, and SCRs with compatible voltage 
specifications.

 Honeywell magnetic sensing experience

 Robust, sealed housing 

 Multiple wire types and cable options 

SEALED HOUSING • MULTIPLE WIRE/CABLE OPTIONS 

What makes our sensors better?  
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SOLID STATE RELIABILITY
Unlike electromechanical switches, the 103SR Series Hall-effect position sensors are
not affected by contact bounce or wear. They are solid-state devices suitable for
applications requiring reliable switching operations and long life. 

DIGITAL UNIPOLAR, LATCHING, AND LINEAR MAGNETICS
Honeywell’s 103SR Series Hall-effect position sensors offer digital unipolar, latching, and 
linear magnetic options specifically designed and engineered to meet a number of industrial, 
transportation, and consumer application requirements.

ELECTRICAL CHARACTERISTICS
The 103SR Series offers current-sinking output (digital) and push-pull output (linear/analog) 
options to choose from that help address a wide range of applications. 

MEETS INDUSTRY STANDARD REQUIREMENTS 
The rugged, sealed threaded aluminum housing of the device meets NEMA 3, 3R, 3S, 
4, 4X (stainless steel only),12, and 13 requirements allowing them to be used in various 
environmental conditions.

LEAD WIRE GAUGE AND LENGTH OPTIONS
Lead wires of different gauges, lengths, and insulation allows the customer to choose the 
best-fit option per their application’s requirement.

WIDE SUPPLY VOLTAGE RANGE
The sensor operates over a wide supply voltage range from 4.5 Vdc to 24 Vdc (digital) or 
4.5 Vdc to 10.5 Vdc (linear).

OPERATING TEMPERATURE RANGE 
The 103SR Series Hall-effect sensors can operate over a broad operating temperature 
range  from -40 °C to 100 °C [-40 °F to 212 °F] (digital) and from -40 °C to 125 °C
[-40 °F to 257 °F] (linear).This reduces operating and installation issues and provides
greater flexibility of design to engineers. 

RUGGED, SEALED, THREADED HOUSING
The sensor ICs in the 103SR Series Hall-effect position sensors are potted and supplied
in sealed aluminum or stainless steel housings, protecting them from dust, dirt, and liquid
splashing or other harsh environmental operating conditions.

ADJUSTABLE MOUNTING
The 103SR Series Hall-effect position sensors come with threaded metal housings. When 
installed on a bracket, the relative position of the sensor and magnet can be easily adjusted 
for optimum performance. This provides the user with greater flexibility in integrating and 
mounting the 103SR Series Hall-effect position sensors into their system.  

Features  
and Benefits 

Choose the best fit option

Protective sealed housing
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103SR Series

Honeywell Sensing and Control’s internal design capabilities and customized options 
allow use of these Hall-effect position sensors across a number of potential industrial, 
transportation, and medical applications. 

 
INDUSTRIAL
• Position sensing
• Robotics control
• Linear or angular displacement sensing
• Speed and RPM (revolutions per minute) sensing 
• Tachometer, counter pick-up 
• Flow-rate sensing 
• Motor and fan control  

TRANSPORTATION
• Speed and RPM (revolutions per minute) sensing 
• Tachometer, counter pick-up 
• Motor and fan control
• Seat position  

MEDICAL
• Motion detection in motorized medical equipment
• Position sensing in hospital beds

Potential Applications
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Catalog 
Listing

Supply
Voltage

(Vdc)

Magnetic Characteristics [Gauss]* and Temperature °C [°F]

0 °C to 70 °C
[32 °F to 158 °F]

-40 °C to 100 °C
[-40 °F to 212 °F]

25 °C [77 °F] 
Typical

103SR13A-1 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-2 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-3 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-4 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-6 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-8 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-9 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-10 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-11 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-12 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-13 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-14 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR13A-16 4.5 V to 24 V 10 Sink 0.4 20 Unipolar 475 135 40 495 200 35 350 275 75

103SR14A-1 4.5 V to 24 V 10 Sink 0.4 20 Unipolar - - - 160 5 8 85 58 27

103SR14A-2 4.5 V to 24 V 10 Sink 0.4 20 Unipolar - - - 160 5 8 85 58 27

103SR17A-1 4.5 V to 24 V 10 Sink 0.4 20 Latching 180 -180 80 205 -205 35 100 -100 200

103SR17A-2 4.5 V to 24 V 10 Sink 0.4 20 Latching 180 -180 80 205 -205 35 100 -100 200

103SR18-1 4.5 V to 24 V 10 Sink 0.4 20 Latching 90 -90 40 120 -120 40 50 -50 100

Hall-effect Position Sensors with Sealed Housing

Catalog 
Listing

Supply
Voltage

(Vdc)

Supply 
Current

(mA 
max.) 

@ 25 °C
[77 °F]

Output
Type

Output 
Voltage 
Span (V)

Output
Current

(mA max., 
sink or 

source, Vs 
>5 Vdc)

Magnetic 
Type

Magnetic Characteristics [Gauss]** and Temperature °C [°F]

-40 °C to 125 °C                     
[-40 °F to 257 °F]

25 °C [77 °F]** 25 °C [77 °F]**

Max.
Linearity

Min. Linear 
Measuring 
Range [G]

Min. 
Sens. 

[mV/G]

Typ. 
Sens. 

[mV/G]

Max. 
Sens. 

[mV/G]

Min. 
Null
[V]

Typ. 
Null
[V]

Max. 
Null
[V]

103SR19A-1
4.5 V to
10.5 V 

10
Push
-Pull

0.4 V to 
Vs -0.4 V 

(min.); 0.2 V 
to Vs -0.2 V 

(typ.) 

1 Linear -1.5 % ±600 3.031 3.125 3.219 2.425 2.500 2.575

Table 1. Electrical and Magnetic Specifications - Digital Hall-effect Position Sensors (for reference only)

Table 2. Electrical and Magnetic Specifications - Linear Hall-effect Position Sensor (for reference only)

**Refer to 103SR19A-1 engineering drawing for sensitivity and null drift vs temperature specifications

*Unipolar digital Hall-effect position sensor has a positive maximum operate point (South Pole) and a positive minimum release point. One magnetic 
pole (South) is required to operate and release a unipolar digital Hall-effect position sensor

Latching digital Hall-effect position sensor is guaranteed to switch on with positive (South Pole) Gauss only, and switch off with negative (North Pole) 
Gauss only

Ring magnets with alternating North and South Poles are usually used with latching digital Hall-effect position sensors
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DIMENSIONAL DRAWINGS

Unipolar Digital Hall-effect Position Sensors

Figure 1. 103SR13A-1 Figure 2. 103SR13A-2

103SR Series

*Absolute maximum ratings are the extreme limits that the device will withstand without damage to the device. Electrical and magnetic 
characteristics are not guaranteed as the maximum limits (above recommended operating conditions) are approached, nor will the device 
necessarily operate at absolute maximum rating

**Vs is the unregulated supply voltage

Parameters 4.5 Vdc to 24 Vdc

Supply Voltage (Vs)** -1.0 Vdc to 25 Vdc

Voltage Externally Applied to Output 
25 Vdc max. (OFF only)

-0.5 Vdc min. (ON or OFF)

Output Current 20 mA max.

Temperature Operate and Storage -40 °C to 100 °C [-40 °F to 212 °F]

Table 3. Absolute Maximum Ratings*

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 152,4 mm ±7,62 mm
[3 x 6.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensing face

3X 22 gauge conductor
cable

15/32-32 UNS-2A

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

1000 mm ±7,62 mm
[40 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

2X hex nut

Sensor will be
located anywhere within

 1,27 mm [  0.05 in]

Catalog listing

MICRO

Date code

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face
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Figure 3. 103SR13A-3

Figure 5. 103SR13A-6

Figure 4. 103SR13A-4

Figure 6. 103SR13A-8

Unipolar Digital Hall-effect Position Sensors

Hall-effect Position Sensors with Sealed Housing

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 419,1 mm ±7,62 mm
[3 x 16.50 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face 

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 3048 mm ±7,62 mm
[3 x 120.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0  in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 1000 mm ±7,62 mm
[3 x 40.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

Date code

MICRO

3X 22 gauge conductor
cable

15/32-32 UNS-2A
Stainless steel

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

1000 mm ±7,62 mm
[40 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

2X hex nut

Sensing face 

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face
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103SR Series

Unipolar Digital Hall-effect Position Sensors

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3X 22 gauge conductor
cable

15/32-32 UNS-2A

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

2997,2 mm ±7,62 mm
[118.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

2X hex nut

Sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 142,24 mm ±7,62 mm
[3 x 5.60 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3X 22 gauge conductor
cable

15/32-32 UNS-2A

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

1000 mm ±7,62 mm
[40 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

2X hex nut

Sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensor will be
located anywhere within

 1,27 mm [  0.05 in]

Catalog listing

MICRO

Date code

3X 22 gauge conductor
cable

15/32-32 UNS-2A

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

2005,58 mm ±7,62 mm
[78.96 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

2X hex nut

Sensing face 

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Figure 7. 103SR13A-9

Figure 9. 103SR13A-11

Figure 8. 103SR13A-10

Figure 10. 103SR13A-12
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Hall-effect Position Sensors with Sealed Housing

Unipolar Digital Hall-effect Position Sensors

Sensor will be
located anywhere within

 1,27 mm [  0.05 in]

Catalog listing

Date code

15/32-32 UNS-2A

3 x 6,35 mm ±0,76 mm
[3 x 0.25 in ±0.10 in]

152,4 mm ±7,62 mm
[6.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X lock hex nut

Sensing face 

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 304,8 mm ±7,62 mm
[3 x 12.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face   

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 15,88 mm ±0,76 mm
[3 x 0.625 in ±0.03 in]

3 x 355,6 mm ±12,7 mm
[3 x 14.0 in ±0.50 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face 

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 152,4 mm ±7,62 mm
[3 x 6.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensitive area is located 
1,27 mm [0.05 in] behind
the sensing face

Sensitive area is located
1,27 mm [0.05 in] behind 
the sensing face

Figure 11. 103SR13A-13

Figure 13. 103SR13A-16

Figure 12. 103SR13A-14

Figure 14. 103SR14A-1
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Latching Digital Hall-effect Position Sensors

Latching Digital Hall-effect Position Sensors

103SR Series

Unipolar Digital Hall-effect Position Sensors

Sensor will be
located anywhere within

 1,27 mm [  0.05 in]

Catalog listing

MICRO

Date code

3X 22 gauge conductor
cable

15/32-32 UNS-2A

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

1000 mm ±7,62 mm
[40 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

2X hex nut

Sensing face   

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 152,4 mm ±7,62 mm
[3 x 6.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3X 22 gauge conductor
cable

15/32-32 UNS-2A

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

1000 mm ±7,62 mm
[40 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

2X hex nut

Sensing face   

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]Catalog listing

MICRO

Date code

3 x 6,35 mm ±0,76 mm
[3 x 0.25 in ±0.03 in]

3 x 152,4 mm ±7,62 mm
[3 x 6.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face 

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Sensitive area is located
8,13 mm [0.32 in] nominal
behind the sensing face

Figure 15. 103SR14A-2

Figure 17. 103SR17A-2

Figure 16. 103SR17A-1

Figure 18. 103SR18-1
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Unipolar Ratiometric/Analog Hall-effect Position Sensors

Hall-effect Position Sensors with Sealed Housing

Sensor will be
located anywhere within

 0,64 mm [  0.025 in]

Catalog listing

MICRO

Date code

3 x 6,01 mm ±0,76 mm
[3 x 0.24 in ±0.03 in]

3 x 152,4 mm ±7,62 mm
[3 x 6.0 in ±0.30 in]

25,4 mm ±1,02 mm
[1.0 in ±0.04 in]

3X 24 gauge conductor
wire leads (individual wires)

15/32-32 UNS-2A

2X hex nut

Sensing face 

Sensitive area is located
1,27 mm [0.05 in] behind
the sensing face

Figure 19. 103SR19A-1
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103SR Series

OPERATING MODE

103SR13A-1, 103SR13A-2, 103SR13A-3, 103SR13A-4, 
103SR13A-6, 103SR13A-8, 103SR13A-9, 103SR13A-10, 
103SR13A-11, 103SR13A-12, 103SR13A-13, 103SR13A-14, 
103SR13A-16, 103SR14A-1, 103SR14A-2

103SR19A-1

103SR17A-1, 103SR17A-2 103SR18-1

Note: Flux entering to the South Pole of the magnet will operate the 
sensor when magnet is positioned as shown in above drawing. This 
assumes the convention that the direction of the external flux of a 
magnet is from the North to the South Pole of the magnet

Note: Flux entering to the South Pole of the magnet will operate the sensor 
when magnet is positioned as shown in the above drawing. This assumes 
the convention that the direction of the external flux of a magnet is from 
the North to the South Pole of the magnet. Latching devices requires both 
South and North Poles in order to ensure sensors operate and release 
respectively

Note: Flux entering to the South Pole of the magnet will operate the 
sensor when magnet is positioned as shown in the above drawing. 
This assumes the convention that the direction of the external flux of 
a magnet is from the North to the South Pole of the magnet. Latching 
devices requires both South and North Poles in order to ensure sensors 
operate and release respectively

Note: In the above drawing the magnet field direction is defined as follows:

(+) Positive Gauss represents the South Pole of the magnet facing the 
sensing the area

(-) Negative Gauss represents the North Pole of the magnet facing the 
sensing the area

Switch symbol

S
N

N

Operate Release

S

+Vs

N.H. 0

B

-

Switch symbol

S
N

N

Operate Release

S

+Vs

N.H. 0

B

-

S
N

Output voltage increases from 
Vnull (2.5 V typ.) as South Pole 
gets closer to sensor

N
S

Output voltage decreases from 
Vnull (2.5 V typ.) as North Pole 
gets closer to sensor

Figure 20. Unipolar Digital Hall-effect Position Sensors

Figure 22. Latching Digital Hall-effect Position Sensors Figure 23. Latching Digital Hall-effect Position Sensors

Figure 21. Unipolar Ratiometric/Analog Hall-effect
Position Sensors

N.H.

B

S
N

0

Switch symbol

Operate

-

+Vs
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Catalog Listing Voltage Reading

103SR13A-1 Vs

103SR14A-1 Vs

103SR17A-1* Vs

Catalog Listing Voltage Reading

103SR13A-1 0.4 V max.

103SR14A-1 0.4 V max.

103SR17A-1* 0.4 V max.

TROUBLESHOOTING 

If sensor does not operate, follow these steps:
 1. Assure wiring is correct. Load must be connected.
 2. Measure supply voltage across red (+) and black (-) leads to  
   verify presence of proper voltage.
 3. Connect positive voltmeter lead to green, white, or brown
   (output) lead, and negative voltmeter lead to black (ground).

BLOCK DIAGRAM

*North magnetic pole must be present to ensure device is OFF due to
 bipolar magnetic operation

Table 4. With magnet removed (or North Pole present), 
reading should be:

Table 6. Leadwire Color Code - Stranded

Table 7. Leadwire Color Code - Cable

Figure 24. Digital Hall-effect Position Sensors: Current Sinking Output

Table 5. When magnet (South Pole) moves toward sensor face 
(beyond operating point), output should change state and read:

Hall-effect Position Sensors with Sealed Housing

Hall
sensor

Trigger circuit
and amplifier

Vs (+) red wire

Ground (-) black wire

Output (O) normally high green/white/brown wire*

LEADWIRE COLOR CODE

*Refer Table 6 and Table 7 for output wire color

Catalog Listing Color Description

103SR13A-1, 103SR13A-2, 103SR13A-3, 103SR13A-4, 103SR13A-6,

103SR13A-10, 103SR13A-13, 103SR13A-14, 103SR13A-16, 103SR14A-1,

103SR17A-1, 103SR18-1, 103SR19A-1

Red

Black

Green

Vs (+)

Ground (-)

Output (digital or linear)

Catalog Listing Color Description

103SR13A-8, 103SR13A-12, 103SR14A-2, 103SR17A-2 

Red

Black

White (Type 2)

Vs (+)

Ground (-)

Output (digital)

103SR13A-9, 103SR13A-11

Red

Black

Brown (Type 3)

Vs (+)

Ground (-)

Output (digital)
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Current-Sinking outputs
Current flows through load into sensor. Output terminal is open collector. In the un-operated condition (IL = 0), the output voltage is
normally high.

INTERFACING SENSING AND CONTROL HALL-EFFECT SENSORS
The schematics shown are typical of the outputs with which Honeywell Sensing and Control Hall-effect position sensors can be interfaced. 
Values shown are representative only.

10 Vdc

750 Ω 

47 K

SCR

Low

High
ac15 Vdc

R

R

R

R1

6 Vdc to
24 Vdc
sensor

PNP
transistor

+
Load

10 Vdc

o

dc

150 mA

5 Vdc

+
R 1.2 K

2N2222
NPN

transistor
5 Vdc
sensor

Load

560 Ω

47 K

12 Vdc
12 Vdc

Lamp

R

200 mA

2N3638
PNP

transistor

6 Vdc to 
24 Vdc
sensor

+ R1

100 Ω
550 ΩR1

R
47 K

5 Vdc
5 Vdc

2N3638
PNP

transistor

5 Vdc
sensor LED

50 mA

o

+

103SR Series

Figure 25. Linear Hall-effect Position Sensors: Push-Pull (Sink Source) Output

Figure 26. Interface Circuit - ac Load

Figure 28. Interface Circuit - dc Load 150 mA

Figure 27. Interface Circuit - dc Load 50 mA

Figure 29. Interface Circuit - dc Load 200 mA

Hall
sensor

Trigger circuit
and amplifier

Vs (+) red wire

Ground (-) black wire

Output (O) green wire*

*Refer Table 6 and Table 7 for output wire color
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Image Catalog Listing Description
Cable/

Leadwire Type*
Magnetic 

Characteristics
Cable Length 

103SR13A-1
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Unipolar

152 mm
[6.0 in]

103SR13A-2
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 2 Unipolar

1000 mm
[40.0 in]

103SR13A-3
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Unipolar

419 mm
[16.5 in]

103SR13A-4
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Unipolar

1000 mm
[40.0 in]

103SR13A-6
 Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Unipolar

3048 mm
[120.0 in]

103SR13A-8
Sealed, 15/32-32 UNS-2A in cylindrical 
stainless steel housing; two hex nuts

Type 2 Unipolar
1000 mm
[40.0 in]

103SR13A-9
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 3 Unipolar

2997 mm
[118.0 in]

103SR13A-10
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 2 Unipolar

142 mm
[5.6 in]

103SR13A-11
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 3 Unipolar

1000 mm
[40.0 in]

103SR13A-12
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 2 Unipolar

2006 mm
[79 in]

103SR13A-13
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; three hex nuts
Type 1 Unipolar

152 mm
[6.0 in]

103SR13A-14
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Unipolar

305 mm
[12.0 in]

103SR13A-16
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Unipolar

356 mm
[14.0 in]

 
 

103SR14A-1
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Unipolar

152 mm
[6.0 in]

103SR14A-2
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 2 Unipolar

1000 mm
[40.0 in]

103SR17A-1
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Latching

152 mm
[6.0 in]

103SR17A-2
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 2 Latching

1000 mm
[40.0 in]

103SR18-1
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 4 Latching

152 mm
[6.0 in]

103SR19A-1
Sealed, 15/32-32 UNS-2A cylindrical aluminum 

threaded housing; two hex nuts
Type 1 Linear

152 mm
[6.0 in]

Order Guide (Measurements for reference only)

*Cable/Leadwire type
Type 1 - 24 gauge stranded, irradiated polyethylene insulated
Type 2 - 22 gauge PVC insulated conductor with black molded PVC jacket
Type 3 - 22 gauge insulated conductors with yellow thermoplastic polyurethane jacket
Type 4 - 24 gauge irradiated polyethylene

Hall-effect Position Sensors with Sealed Housing
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WARRANTY/REMEDY
Honeywell warrants goods of its manufacture as being free of 
defective materials and faulty workmanship. Honeywell’s standard 
product warranty applies unless agreed to otherwise by Honeywell 
in writing; please refer to your order acknowledgement or consult 
your local sales office for specific warranty details. If warranted 
goods are returned to Honeywell during the period of coverage, 
Honeywell will repair or replace, at its option, without charge 
those items it finds defective. The foregoing is buyer’s sole 
remedy and is in lieu of all other warranties, expressed or 
implied, including those of merchantability and fitness for a 
particular purpose. In no event shall Honeywell be liable for 
consequential, special, or indirect damages. 

While we provide application assistance personally, through our 
literature and the Honeywell website, it is up to the customer to 
determine the suitability of the product in the application.

Specifications may change without notice. The information we 
supply is believed to be accurate and reliable as of this printing. 
However, we assume no responsibility for its use.

     WARNING
PERSONAL INJURY
DO NOT USE these products as safety or emergency stop 
devices or in any other application where failure of the 
product could result in personal injury. 
Failure to comply with these instructions could result in 
death or serious injury.

     WARNING
MISUSE OF DOCUMENTATION
• The information presented in this product sheet is for 

reference only. Do not use this document as a product 
installation guide.

• Complete installation, operation, and maintenance 
information is provided in the instructions supplied with 
each product.

Failure to comply with these instructions could result in 
death or serious injury.

ADDITIONAL INFORMATION

The following associated literature is available on the 

Honeywell website at sensing.honeywell.com:

 • Product line guide

 • Product range guide

 • Product installation instructions

 • Application Notes:

  - Sensors and Switches in Front Loaders

  - Sensors and Switches in Mobile Cranes

  - Blood Recovery System

 • Technical Notes:

  - Solid-State Sensors Glossary of Terms

  - Interpreting Operating Characteristics for

    Solid-State Sensors

103SR Series

ESD SENSITIVITY :
CLASS 3



17sensing.honeywell.com

005971-1-EN    IL50   GLO
March 2014
Copyright 2014 Honeywell International Inc. All rights reserved.

Find out more
Honeywell serves its customers
through a worldwide network
of sales offices, representatives
and distributors. For application
assistance, current specifications,
pricing or name of the nearest
Authorized Distributor, contact
your local sales office.
 
To learn more about Honeywell’s
sensing and control products,
call +1-815-235-6847 or
1-800-537-6945, visit
sensing.honeywell.com, 
or email inquiries to
info.sc@honeywell.com

Sensing and Control
Honeywell
1985 Douglas Drive North
Golden Valley, MN 55422
honeywell.com



 
 
Interactive Catalog Replaces Catalog Pages 
 

  

  

Sensing and Control 
Honeywell Inc. 
11 West Spring Street 
Freeport, Illinois 61032  

 

Honeywell Sensing and Control has replaced 
the PDF product catalog with the new 
Interactive Catalog. The Interactive Catalog is 
a power search tool that makes it easier to find 
product information. It includes more 
installation, application, and technical 
information than ever before. 
 

 

 
 

Click this icon to try the new 
Interactive Catalog. 

 

http://content.honeywell.com/sensing/products/


Solid State Sensors 103SR Series
Digital Position Sensors

14 Honeywell 1 Sensing and Control 1 1-800-537-6945 USA 1 F1-815-235-6847 International 1 1-800-737-3360 Canada

FEATURES
1 Current sinking or current sourcing

ouput
1 Rugged, sealed threaded

aluminum housing NEMA 3, 3R,
3S, 4, 12 and 13 requirements**

1 20 gauge, 6 inch stranded
leadwires, color coded, or 1 meter
jacketed cable

1 Adjustable mounting

NOTE: For analog sensors, see page
24.

MOUNTING DIMENSIONS (For reference only)

1SR15 Mounting Bracket 1SR15HD Mounting Bracket

Leadwire color code:
Red Vs (+)
Black Ground (–)
Blue, Green, Output
or White

103SR ORDER GUIDE

Catalog Listings* 103SR11A-1 103SR12A-1 103SR13A-1 103SR14A-1 103SR17A-1 103SR18-1

Supply Voltage (VDC) 4.5 to 5.5 6 to 24 4.5 to 24 4.5 to 24 4.5 to 24 4.5 to 24

Supply Current (mA max.) 4 10 10 10 10 10

Output Type Source Source Sink Sink Sink Sink

Output Voltage (V max.) (Vs-1.5) (Vs-1.5) 0.4 0.4 0.4 0.4

Output Current (mA max.) 20 20 20 20 20 20

Magnetics Type Unipolar Unipolar Unipolar Unipolar Bipolar Latching

Magnetic Char. & Temp. G mT G mT G mT G mT G mT G mT
0 to 70°C Max. Op. 735 73.5 495 49.5 475 47.5 — — 180 18.0 90 9.0

Min. Rel. 25 2.5 120 12.0 135 13.5 — — –180 –18.0 – 90 – 9.0

Min. Dif. 50 5.0 40 4.0 40 4.0 — — 40 4.0 40 4.0

–40 to 100°C Max. Op. — — — — 495 49.5 160 16.0 205 20.5 120 12.0

Min. Rel. — — — — 200 20.0 5 0.5 –205 –20.5 –120 –12.0

Min. Dif. — — — — 35 3.5 8 0.8 35 3.5 40 4.0

25°C Typ. Typ. Op. 350 35.0 350 35.0 400 40.0 90 9.0 50 5.0 50 5.0

Typ. Rel. 215 21.5 245 24.5 250 25.0 45 4.5 – 50 – 5.0 – 50 – 5.0

Typ. Dif. 135 13.5 85 8.5 85 8.5 45 4.5 100 10.0 80 8.0
* To order 1 meter jacketed leads, replace the 1 at the end of the catalog listing with a 2. Example 103SR13A-2.
** Stainless steel housing available for applications requiring compliance to NEMA 4X. Contact the 800 number.
G = Gauss
mT = milliTesla

Magnets page 25.

Unipolar: sensor has plus maximum operate point, plus minimum re-
lease point. One magnetic pole (South) is required to operate and
release a unipolar sensor.

Bipolar sensor has plus (south pole) operate point and minus (north
pole) minimum release point. Operate and release points can be both
positive or both negative. Latching cannot be guaranteed. Ring mag-
nets are usually used with bipolar sensors.

LEADWIRE TYPE

Type 1 22 gage stranded, teflon insulated

Type 2 22 gage PVC insulated conductor with black molded
PVC jacket

Type 3 22 gage insulated conductors with yellow thermo-
plastic polyurethane jacket

Type 4 24 gage irradiated polyethylene
PDFINFO p a g e - 0 1 4
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Executive Summary 

The goal of the Hydro-Weir project was to design and 

fabricate a 200W hydropower harvester prototype and to test 

this prototype in the NMSU Hydraulics Laboratory. With 

applications worldwide, the perceived technical and innovative 

outcome of the project was to show the feasibility to harvest 

hydroelectric power from weir-flow systems at dams and 

reservoirs, and across streams that exhibit a drop in elevation. 

Applying the best practices of systems engineering in this 

two-Semester Senior Capstone Design Project enabled the 

Team to create an effective design that could meet both 

tangible and intangible criteria. Design criteria such as 

minimum cost include material and manufacturing costs, and 

mechanical, structural and electrical characteristics that yield 

technical feasibility. Intangible criteria include notions of the ecological and environmental 

impact, caused by the technology on existing biodiversity. A mix of these criterion provided 

guidelines for a successful design concept. 1) The design had to be simple with a minimum 

number of components, thereby increasing the operating reliability and minimizing maintenance 

costs. 2) The design had to conform to laboratory flow rate capabilities to produce the desired 

power output from simulated weir-flow conditions. 3) The design had to be modular and 

lightweight to enable easy manufacturing, assembly, and deployment. 4) The design had to offer 

scalability to allow scale-up of prototype designs to large-scale weir-flow systems. 5) The design 

had to be fish-friendly, environmentally attractive and blend with the environment to enable 

sustainable deployment. The criteria meets the requirements for demonstrating the technical 

feasibility and economic viability for sustainable implementation of this technology. 

To-date, we have created two 3D printed models, one at 1/10th scale and another at 1/5th 

scale. With the printing of these two scale models, we have demonstrated two important 

attributes. 1) The ability to manufacture a hydropower harvester prototype using 3D printing is 

revolutionary as it allows laboratory scale model development for purposes of testing. The rapid 

prototyping ability demonstrates the feasibility to manufacture all the turbine components using 

advanced additive manufacturing techniques. 2) The technology can be implemented at any scale 

for specific applications, demonstrating scalability.  

From a research and development perspective, scalability of the design points to the strong 

potential for sustainable harvesting of hydropower from weir flow at large, medium, small dams. 

From a societal socio-economic perspective, having the ability to transform 3D designs into 3D 

printed prototypes will enable ranchers, farmers, small civilizations, or anyone who might be 

near a small weir to harvest electric power for their needs without relying on an outside power 

source. The range of benefits that this technology provides is an indicator of the sustainability.  
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Background Information & 

Applications 
Human-engineered weirs across rivers 

and streams serve three primary functions; 1) 

to provide water for agriculture use through 

partial impoundment, 2) create an 

opportunity for power generation through 

diversion canals, and 3) control soil erosion 

downstream. As water overflows the weir, 

the abundance of unused hydropower energy 

dissipated at the drop offers the potential for 

harvesting energy.  

 

The outcome of our project is aimed 

towards enabling the transformation of two historic weirs of New Mexico, namely, the Percha 

Dam, and the Leasburg Diversion Dam, into hydropower generating sources. 

 

 

Percha Dam, NM 

The Leasburg Dam, just 25 miles north-

northwest of Las Cruces, NM. 
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Problem Statement & Project Objectives 

 Currently, low-head hydropower technology is behind that of large-scale hydropower. 

Without a sufficient low-head solution, farmers, ranchers, local civilizations, just about anyone 

who lives near a small dam or weir, is having to rely on other means for electrical power. In 

some cases, they might have their own sustainable eco-friendly solution, but this is usually not 

the case. Mostly, they are dependent upon their local energy companies and must pay for the 

electricity that they use, often times coming at a high cost, both financially and environmentally. 

Our project was aimed to provide a cost-effective solution, by designing a sustainable, reliable, 

eco-friendly, and scalable technology that we are calling the Hydro-Weir.  

In this Hydro-Weir Project, we envisioned an environmentally-friendly and minimally 

intrusive technology to harvest the unused potential energy for hydropower generation. Our main 

goal was to design, develop, and test a scale model prototype to show the technical feasibility of 

this modular and low-head hydropower generating technology. Through efficient design, 

assembly, packaging, and testing, the reliability of this revolutionary technology can be assessed 

to effectively harvest the unused hydropower potential across New Mexico’s streams and rivers.  

Our approach was to design and build a hydropower generating unit that utilizes an inner 

wheel, a permanent magnet alternator, and a pulley assembly connecting the two to produce 

electrical power. This design also includes instrumentation to monitor alternator speed, impeller 

wheel speed, and power output. The teams’ largest goal was to assemble a full-scale prototype to 

be tested at the NMSU Hydraulics laboratory. A successful test at this scale would have greatly 

increase the technology readiness level of our technology, and further demonstrated the true 

potential of harvesting energy from natural weirs across rivers, streams, and canals.  
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Overall Structure 

Design Approach 

 - Relevant theory 

 

 

𝑃𝜔 = 𝜂(𝜌𝑄𝑔ℎ) 
 

ℎ =
𝑃𝜔

𝜂𝜌𝑄𝑔
=

200

(0.85)(1000)(0.04)(9.81)
= 0.6 𝑚𝑒𝑡𝑒𝑟𝑠 

Expected Power 𝑃𝜔 = 𝜔𝜏 = 200𝑊 

Expected Torque  

𝜏 =
𝑃𝜔
𝜔

=
200𝑊

100𝑟𝑝𝑚
=

200

10.472 𝑟𝑎𝑑 𝑠⁄
= 19.099𝑁.𝑚 

Tangential Force on turbine wheel 

𝐹 =
𝜏

𝑟
=

19.099

0.368
= 51.899𝑁 

 

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 (𝜌) = (1000𝑘𝑔/𝑚3) 
 

𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 (𝑄) = 0.04𝑚3𝑠−1 
 

𝜂 =  𝑛𝑒𝑡 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦(𝑎𝑠𝑠𝑢𝑚𝑒 85%) 
 

𝑔 =  𝑔𝑟𝑎𝑣𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛  
 

ℎ = ℎ𝑒𝑎𝑑 ℎ𝑒𝑖𝑔ℎ𝑡 
 

𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦(𝑣) = √2𝑔ℎ 

 

𝑃𝑖𝑑𝑒𝑎𝑙 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 = 𝜌𝑄𝑔ℎ 

𝑃𝑖𝑑𝑒𝑎𝑙 𝑘𝑖𝑛𝑒𝑡𝑖𝑐 =
1

2
𝜌𝑄𝑣2 

𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 (𝑃𝜔) = 𝜂  
1

2
𝜌𝑄𝑣2 + 𝜌𝑄𝑔ℎ  
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We estimated about 0.026m3/s ≈ 412gal/m discharge of water is needed, which was well within 

the capabilities of the hydraulics laboratory with 8inches diameter discharge pipe. The inlet 

velocity of venturi 

𝑣𝑖 = √2𝑔ℎ = √2 ∗ 9.81 ∗ 1 = 4.429𝑚/𝑠 

𝑄 = (𝑎𝑟𝑒𝑎)(𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦) 

𝑣𝑝𝑖𝑝𝑒 =
𝑄

𝐴
=

0.026

𝜋𝑑2/4
= 0.032𝑚/𝑠 

Hence with Q=0.026𝑚3/𝑠 and velocity of 4.429𝑚/𝑠; the inlet area 𝐴𝑖 = 0.0059𝑚2 ≈

9.098𝑖𝑛𝑐ℎ2 

Based on Hydraulic lab maximum discharge and the channels’ parameters; 𝐴𝑖 = 0.2668𝑚2 ≈

413𝑖𝑛𝑐ℎ2 𝐴𝑜 = 0.0929𝑚2 ≈ 144𝑖𝑛𝑐ℎ2 and Q=0.04𝑚3/𝑠 were chosen. The outlet velocity 

𝑣𝑜 =
𝐴𝑖𝑣𝑖
𝐴𝑜

=
(0.2668)(4.429)

0.0929
= 12.72𝑚/𝑠 

Mass flow rate at 𝑣𝑜;  

�̇� = 𝜌𝐴0𝑣0 = 1181.688𝑘𝑔/𝑠 

Time constant Tw is associated with the acceleration time for the water in the venturi inlet to hit 

the turbine.   
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𝑇𝑤 =
𝐿𝑣𝑖
ℎ𝑔

=
0.13 ∗ 4.429

1 ∗ 9.81
= 0.059𝑠 

Where L is the length of the venturi (penstock) 

Impeller Design 

The frame work for the design of closed involute-impeller design was based on the force and the 

power number. From the initial calculation the impeller should be able to withstand 

approximately 52 Newton of force and the formula for calculating an impeller's power number is 

𝑁𝑝 =
𝑃

𝑛3𝐷𝑎
5𝜌

 

Where: 

NP = power number 

P = impeller power in watts; (200W suggested value for our design)  

ρ = density of water in kg/m3(
1000𝑘𝑔

𝑚3 ) 

n = shaft speed in revolutions/second (10.472 𝑟𝑎𝑑 𝑠⁄  suggested value for our design) 

Da = impeller diameter in meters (suggested value of 𝑟𝑎𝑑𝑖𝑢𝑠 = 0.368m) 

  

𝑁𝑝 =
𝑃

𝑛3𝐷𝑎
5𝜌

≈ 0.0007 

Because of the difficulty in obtaining many of these values, power numbers can be considered 

the summary of various correlated test results.    

Advantages of closed impeller Disadvantages closed impeller 

Increased efficiency Maintenance and inspection is impossible to 
perform without disassembly 

Suitable for volatile fluids and explosion-prone 
environments 

Prone to clogging 

Compensates for thermal growth Periodic wear ring maintenance is necessary to 
maintain efficiency 

  More expensive to manufacture 

Manufacturing Notes & Information 

When we first began work with the Innovation Space our thoughts were focused on applying 

a reasonable amount of force on to the impeller of the system. The majority of the design was 
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geared towards turning the shaft of the Permanent Magnet Alternator (PMA). Once we received 

our quotes from the KECK center at UTEP we knew that a full-scale version would not be 

possible for our current design. So instead we began to look at how printing could be 

accomplished through the Aggie Innovation Space (AIS). Many ideas were passed around a 

prevailing one, that Dr. Prasad presented to our group, being that we would print cuboids. These 

are small segments of our design that could be attached to form a complete structure. In order to 

reach this end goal members of our team met with the AIS, and asked to produce scaled down 

models of our design. By printing scaled models the AIS could see how quickly the final print 

might take, which areas of our design would be harder to print, and which areas could be 

separated into separate cuboids. The Innovation Space has two materials on hand that work with 

their machines. The two materials are N-vent and PLA, while the two machines are the Lulzbot 

mini and the Lulzbot taz. These machines have two major components that effect the print. The 

first is the actually extruder where the material is being printed through. This extruder must be at 

least 210 °C or it will not work with either material that the Innovation space has. In our print 

this extruder was kept between 210-220 °C. The second component is the heat plate/bed that the 

material is printed on. This plate dramatically improves the quality of prints in this form of 3-D 

Printing. As thermoplastics cool the inside of the print will stay much warmer than the edges 

causing the cooled edges to rise up and warp resulting in a ruined print. Ways to circumvent this 

problem is to try to print with rounded edges on the heated plate instead of square, keep the size 

of print to a minimum, and keep the plate clean. If the first couple of layers are not sticking 

together then the print should be aborted immediately. The problem that the innovation space ran 

into was that N-Vent was sticking to the heated plate and was too much of a problem to clean 

off, as well as issues with the prints shape. For these issues our team chose PLA for its printing 

accuracy and ease of use. PLA also has less issues with printing than many similar commonly 

used materials such as abs. ABS and many other materials that have a slightly higher tensile 

strength than PLA have many issues with warping, and would be very hard to work with on the 

machines at the innovation space. So for the markup models we were making we mostly were 

worried about print accuracy and precision, not the models durability under a load. The machines 

were used for different prints. The Taz is a bigger machine and so was needed for the 1/5th scale 

while the 1/10th scale was printed on the Lulzbot mini. The heated pads of both machines were 

kept between 65-70 °C, and this temperature would help the plastic cool evenly. Another major 

factor of printing is the supports that are put into place to hold the structure as it cools. These 

supports came in the form of breakable parts of the print itself, and are added automatically by 

the printing software on the machines called Cura 3D.  There were not many issues while 

printing the 1/10th scale, but with the 1/5th scale there were sections of the print that would 

misprint and result in the structure breaking. These misprints came in the form of one of the 

thousand lines of plastic being printed just being skipped. With this one skipped layer the 

structure would break under its own weight. The factors leading to these skipped layers can be 

either moisture or an air bubble on the extruder or PLA itself. One way the innovation space tries 

to fight skipped layers is to keep the PLA dry. They stored in Ziploc bags and then put inside a 
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bag with moisture removal. Printing of the models proved to take a surprising amount of time. 

These printing times lead to our team deciding to not create the cuboid structure at this time. 

Even with a 1/5th scale we saw that with such a large print time the machines at the innovation 

space begin to malfunction. Even if this malfunction is 2-3 lines out of thousands of lines this is 

enough to ruin the print. In the end I am glad the Innovation Space was there to walk us through 

the printing of our structure. It would have been very frustrating to fix all these possible 

problems of printing without any experience. They have been an invaluable asset to this team, 

and our team would recommend capstones in the future to seek the Innovation Space out when 

3D printing. 



 

 

11 

May 17, 2016 

Hydro-Weir 

Instrumentation 

 The instrumentation for our project consists of an Arduino Uno, a voltage transformer, two 

hall-effect speed sensors, an accelerometer, and an RGB liquid-crystal display (LCD). 

Design Approach 

 For our project, our aim was to design an instrumentation system for gathering important 

data from a Hydro-Weir unit. We began by deciding which characteristics of our technology 

were going to be important for determining the performance of the unit. After careful 

consideration, we decided that vibrations, output voltage, and the speeds of the impeller wheel 

and of the alternator shaft were the most important for our application. We also thought that a 

nice touch for the instrumentation design would be an LCD that could give information about the 

status of the unit directly from the Hydro-Weir. The decision to use an Arduino Uno was based 

almost purely on its ease of use and low price. Although it probably was not the most reliable or 

efficient, it was an easy solution for the proof-of-concept design.  

 The Arduino Uno has six analog input/output pins and fourteen digital input/output pins. It 

was decided that the accelerometer inputs, the voltage from the transformer, and the LCD were 

the best use for the six analog pins. This left us with coming up with a design for converting the 

hall-effect signals into digital inputs, which will be discussed in the next sub-section.  

 An enclosure was also designed to be mounted on the side of the Hydro-Weir structure that 

would house all of the instrumentation components, have a plexi-glass cover so that the LCD 

could be easily read, and provide a safe-way to have electronics on-board the hydropower unit. 

Time and difficulties in successful 3D printing kept us from completing the assembly of this 

enclosure.  

Assembly Notes & Information 

Since the Arduino Uno comes ready to use and the IDE is easily installed, let’s begin with 

the assembly of the accelerometer. The accelerometer we decided to use was the Analog Devices 

ADXL335 3-axis accelerometer. Some important features are its input voltage requirement of 

only 1.8-3.6VDC, and full-scale range of over ± 3g in all 3 coordinates. Since the Uno has a 5V 

supply pin already on board, it was easy to design a voltage divider to supply power to the 

accelerometer.  Next, the x, y, and z-axis outputs were connected to the A0, A1, and A2 analog 

input pins.  

Using a stationary unipolar hall-effect sensor, we were able to attach a magnet to the 

alternator shaft, and then detect the presence of the magnet. With this sensor, we did have to 

design an operational amplifier to convert the analog signal into a digital signal because of the 

limited number of analog pins in the Arduino Uno. We used an LM 3900 quadruple operational 

amplifier chip from Texas Instruments. The digital pins of the Uno require at least a 2.5 volts in 

order to register as a “high” input. The voltages from the hall-effect sensor were only on the 
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order of about 0.2 mV when sensing a magnet, meaning that the gain of our amplifier needed to 

be around 1,000.  

The RGB LCD was assembled with the help of an online tutorial directly from Adafruit 

Industries. The most appealing feature of their LCD was that it could be operated using only 4 

wires: a voltage source, ground, and the two I2C pins on the Uno, connected to the A4 and A5 

analog input/output pins.  

Unfortunately, full implementation of the voltage transformer was not completed. One thing 

that the team was concerned with was the ability of the transformer to successfully step-down the 

voltage in order to not completely fry the Uno.   

Testing Procedure 

 The first testing of the instrumentation was done in the Mtech shop by mounting the PMA 

into a drill-press and attaching the voltage transformer to two lines from the PMA. We then had 

the PMA spun and low rpm and gradually increased the rpm for higher voltage. Using an 

oscilloscope on the transformer output, and a simple multi-meter on the PMA output, we could 

see the step-down ratio of the transformer. The oscilloscope enabled us to look at the shape of 

the signal being generated in order to get a better understanding of how well the transformer was 

working.  

 Testing of the accelerometer and the hall-effect speed sensors was part of our second test at 

the Mtech shop. This time, we did use the Uno and were able to gather data from all threes axes 

of the accelerometer and the speed sensor. We simply used tape to hold the accelerometer to the 

top of the PMA and a small piece of Velcro to hold the hall-effect sensor in place.  

Testing Results 

 The team considered both of the above tests successful since they demonstrated that our 

design and build were on the right track to engineering working instrumentation. The picture 

below shows the output signal from the transformer when the PMA is rotating at about 350 rpm, 

our target speed. The open circuit voltage from the PMA is around 195V, and the voltage from 

the transformer is about 10V.  
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 As for the accelerometer and the hall-effect speed sensor, we consider that test a success as 

well. Although time constraints prevented us from performing any data analysis on the digital 

signal from the speed sensor, there was still meaningful data and we demonstrated that it could 

gather the data. It can be debated whether or not the method of gathering the data was as efficient 

as it could have been, but for a first attempt, we believe it proved the concept. The graph below 

shows data from all three axes of the accelerometer. Again, little bit of data analysis could have 

been done to really dig into how significant these vibrations were, but time was a large 

constraint.  
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Permanent Magnet Alternator 

Requirements 

In order to transform mechanical energy from water into electrical energy, the project needed 

a Permanent Magnet Alternator (PMA). The shaft of the PMA was to be turned by a pulley 

arrangement with an involute blade turbine wheel, creating an electrical potential across the 

PMA terminals. All generators and PMAs generally work the same, but not all PMA/ generators 

can be used in every application. According to the application, a unit size with desired power 

rating is chosen. Usually the size corresponds to the rated power output at rated RPM.  In the 

scope of this project our needs were very specific, due to the head that our project would 

experience, we could only realize an RPM of about 100 RPM.  

Testing Procedure  

As a team we knew nothing about the PMA that Dr. Prasad had let us borrow from his 

previous research.1 We needed to characterize the PMA in terms of its open circuit voltage and 

its voltage-speed characteristic under load. A specification sheet for the PMA characteristic was 

developed through lab testing. First and foremost we needed a way to turn the shaft of the PMA 

at various RPMs. The solution was to employ an industrial drill-press in the MTEC machine 

shop. This drill-press is geared to spin at various speeds, and has the necessary torque to turn the 

shaft of the PMA.  The first test was performed to obtain the open circuit curve. This test was 

conducted by starting at the lowest speed setting of the drill-press, measuring the RPM with a 

hand-held electronic tachometer for comparing with the speed setting of the drill-press, and 

measuring the voltage across the open phases of the PMA with a multi-meter. We did this on all 

the setting measuring the RPM of the shaft and its outputted voltage at that given RPM. 

Testing Results 

The testing results are outlined below, first test that was performed on the PMA was the open 

circuit voltage. It was important to perform first, because the only specifications that were known 

about the PMA were the power rating and rated voltage, the rated RPM was not known.  During 

the testing we had a multi-meter connect between two of the phases, and measured the RPM and 

compared it to the RPM that corresponded to the gear setting.  We did this for every gear setting, 

and recorded the RPM, and L-L voltage. The L-N voltage was found by taking the L-L, and 

dividing that value with the square root of three. Before conducting this test, we knew that the L-

L rated voltage was around 190V, so from the table below we found that the machines rated 

RPM was approximately 350 revolutions per minute.  

                                                           

1 2 KW PMA used in DOE contract – HyPER Project https://ece.nmsu.edu/research/hyper/  

https://ece.nmsu.edu/research/hyper/
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Looking at the Open Circuit Voltage Curve, it can be seen that operation below rated RPM 

results in very low voltages.  A reasonable voltage is not produced until the rated RPM, voltage 

jumps very rapidly once the shaft is spun more than 200 RPM under this RPM the voltage does 

not change as quickly.  There is a data point that exceeds the rated RPM we did this to have 

coverage beyond the rated RPM and to clearly define the curve. The voltage does increase 

significantly but since this is beyond the rated RPM, operation at this RPM would degrade the 

usable life of the machine. 

 

Once the team knew more specification of the PMA, we performed an additional test to measure 

load voltage, this measure was to determine the change in RPM and voltage as the machine was 

loaded electrically. 
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From table above, it can be seen that the open circuit voltage drops quickly from 194V to 175V 

once loaded with a 72W light bulb, the RPM also drops, but this drop isn’t as significant because 

we were using a drill press to spin the PMA.  This table efficiently demonstrates that as the load 

on the alternator is increased the voltage and RPM will decrease.   

 

Due to the fact that the team did the additionally data point on the open circuit curve, load 

voltage characteristics testing was also performed. From the table, most of the values were not 

found because the voltage was too great for one light bulb alone, once we switched on all four 

light bulbs and increased the resistance one bulb remained lit. Again this result was produced 

with spinning the machine’s shaft at 500 RPM and adding 291 watts of load.  

Though this process was very lengthy and tedious, spinning PMA at a certain gear setting and 

measuring the RPM voltage and current until the curve was fully specified. However, this 

process resulted in valuable information for the team, allowing the hydro-weir group to know the 

specification and limitations of one of the subsystems. This will allow expedited results, if 

another Capstone team chooses to use this particular PMA in the future. 
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Recommendations for Future Projects 

1. First and most important recommendation, this capstone group would give to future 

iterations would be to seek out knowledge transfer from past iterations final reports. 

Before a group takes on the task to work on the next iteration of this project, read this 

report and its entirety and past iteration reports. Recognize all of the past capstone’s 

shortcomings and breakthroughs and build from them. This capstone felt like we were 

reinventing the wheel because we were in the dark with previous iteration reports.  

2. Consolidate all previous iteration intellectual property, schematics, CAD drawings etc. If 

this capstone is to ever be made a reality the next group will have to start where we left 

off and not start from scratch. Most importantly starting from our SolidWorks model 

altering if it needs it but ultimately starting with a model that is built, progressing 

forward, rather than starting at ground zero and ending in the same place.  The reasoning 

behind this was, most of this capstone’s focus was on building the Solid Works model, 

we did over 30 consultations with the Aggie Innovation Space. As a result, the 

instrumentation was not focused on as much as the group would have liked. It should be 

the next iterations goal to innovate what the group before them has created rather than 

recreate.  

3. This capstone was too much for only one group to accomplish. In the future this capstone 

would be broken into 2 different capstones. One that solely focuses on the 

instrumentation, and the digital signal processing (DSP), that goes along with making all 

the data meaningful. Though we gathered data from the sensors in our instrumentation, 

some of the data was raw and could have used some refining. With that said the other 

group could solely concentrate on building the structure, be it 3D printed or made from 

fiber glass. This part of the capstone could be given to a team of mechanical or chemical 

engineers.  Testing the both subsystems simultaneously is integral to realizing this 

project, and that is why interfacing of the two capstones would be very important. 
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Concluding Discussion 

 The Hydro-Weir Project serves as a proof-of-concept to harness the energy from water 

flowing over a weir. It establishes a baseline for the structure and geometry of the harvester that 

enables further fluid dynamic simulations towards optimizing the design characteristics. 

Following are some key observations that give credibility and provide the confidence towards 

further development. 

1) For laboratory testing of scale models, we found it is cost-effective to fabricate harvester 

prototypes using commercially available 3D printing technology.   

2) The (1/10th) and (1/5th) scale models serve to demonstrate the feasibility to manufacture 

full-scale harvester prototypes to strict tolerances using advanced additive manufacturing 

techniques. 

3) The benefits of modularity include ease of manufacturability and assembly, minimum 

maintenance, repair and operating costs, improved operating reliability and hence greater 

sustainability in hydro resource utilization.  

4) Use of strong lightweight composite materials make the turbine-generator assembly 

highly durable, easily transportable and easily deployable.  

5) The ability to give an artistic impression enables a way to blend the technology with the 

environment and hence augment the ecology in a beneficial way. The overall objective is 

to augment the regenerative ecology and stimulate biodiversity in a region with a 

technology that is environmentally benign and yet highly effective in serving the intended 

electric load. 

Lessons Learned 

All things considered, we are pretty satisfied with our accomplishments in this project. 

Although we were unable to print a full-scale prototype due to the high cost (See Billing Quotes, 

Page 30), we were compelled to show how this technology could be 3D printed at low cost. This 

work is scoped out under a No-Cost Extension granted by the NM WRRI that will be completed 

by December 2016. 

We can definitely say that we learned a whole lot about 3D printing, using 3D CAD 

modeling software, Permanent Magnet Alternator theory, instrumentation design, and many of 

the challenges associated with working in a Team. The Hydro-Weir Capstone group would like 

to thank the Aggie Innovation Space (AIS) for all their help in our project.   

 We believe that this capstone design project has been a step in the right direction for 

demonstrating the feasibility of this low-head hydropower technology, and are confident that 

future projects can continue to do so.  
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Diagrams & Pictures 

The First Design: Venturi-type Hydro-Weir 
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The Second Design: Water Wheel-type Hydro-Weir 
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Instrumentation 
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Tested Code 
/**************************************** 
*  Xaviar Enriquez 
*  May 1, 2016 
*  Capstone Design II- Hydro-Weir Group 
*  Code Description: 
*    This code takes inputs from an accelerometer, 
*    two Hall-Effect Sensors, and voltage from a  
*    transformer used for measuring the voltage of a PMA.  
*    It outputs this data to the serial monitor, and  
*    can be used to print to a text file via some program  
*    such as CoolTerm, available at http://freeware.the-meiers.org/. 
*    It also outputs some data to an LCD screen via the SDA and 
*    SCA ports on the Arduino Uno.   
*  Copyright Xaviar Enriquez 
*****************************************/ 
 
#include <Wire.h> 
#include <Adafruit_RGBLCDShield.h> 
#include <utility/Adafruit_MCP23017.h> 
 
Adafruit_RGBLCDShield lcd = Adafruit_RGBLCDShield(); 
#define RED 0x1 
#define YELLOW 0x3 
#define GREEN 0x2 
#define TEAL 0x6 
#define BLUE 0x4 
#define VIOLET 0x5 
#define WHITE 0x7 
 
int X_out = A3; 
int Y_out = A4; 
int Z_out = A5; 
int sensor_1_in = 7; 
int sensor_2_in = 8; 
int PMA_voltage = A2; 
int val_X = 0; 
int val_Y = 0; 
int val_Z = 0; 
int sense1 = 0; 
int sense2 = 0; 
int voltage = 0; 
long mil_second = 0; 
 
void setup() 
{ 
  pinMode(X_out,INPUT); 
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  pinMode(Y_out,INPUT); 
  pinMode(Z_out,INPUT); 
  pinMode(sensor_1_in,INPUT); 
  pinMode(sensor_2_in,INPUT); 
  pinMode(PMA_voltage,INPUT); 
  lcd.begin(16,2); 
  Serial.begin(9600); 
} 
 
void loop() 
{ 
  capture_data(); 
  print_to_LCD(); 
} 
 
void capture_data() 
{ 
  Serial.println(" "); 
  mil_second = millis(); 
  Serial.print(mil_second); 
  Serial.print(","); 
  voltage = analogRead(PMA_voltage); 
  Serial.print(voltage); 
  Serial.print(","); 
  val_X = analogRead(X_out); 
  Serial.print(val_X); 
  Serial.print(","); 
  val_Y = analogRead(Y_out); 
  Serial.print(val_Y); 
  Serial.print(","); 
  val_Z = analogRead(Z_out); 
  Serial.print(val_Z); 
  Serial.print(","); 
  sense1 = digitalRead(sensor_1_in); 
  Serial.print(sense1); 
  Serial.print(","); 
  sense1 = digitalRead(sensor_2_in); 
  Serial.print(sense2); 
  Serial.print(","); 
  Alarm.delay(10); 
} 
 
void print_to_LCD() 
{ 
  lcd.clear(); 
  lcd.setCursor(0,0); 
  lcd.print("Hydro-Weir Capstone Group 2016"); 
} 
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Billing Quotes
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� Wide Range of Supply Voltages, Single or
Dual Supplies

� Wide Bandwidth

� Large Output Voltage Swing

� Output Short-Circuit Protection

� Internal Frequency Compensation

� Low Input Bias Current

� Designed to Be Interchangeable With
National Semiconductor LM2900 and
LM3900, Respectively

     

description

These devices consist of four independent, high-
gain frequency-compensated Norton operational
amplifiers that were designed specifically to
operate from a single supply over a wide range of
voltages. Operation from split supplies is also
possible. The low supply current drain is
essentially independent of the magnitude of the
supply voltage. These devices provide wide band-
width and large output voltage swing.

The LM2900 is characterized for operation from
–40°C to 85°C, and the LM3900 is characterized
for operation from 0°C to 70°C.

schematic (each amplifier)

Constant
Current
Generator

VCC

200 µA

OUT

1.3 mAIN +

IN –

Copyright   1990, Texas Instruments IncorporatedPRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

LM2900 LM3900 UNIT

Supply voltage, VCC (see Note 1) 36 36 V

Input current 20 20 mA

Duration of output short circuit (one amplifier) to ground at (or below) 25°C free-air temperature 
(see Note 2)

unlimited unlimited

Continuous total dissipation See Dissipation Rating Table

Operating free-air temperature range –40 to 85 0 to 70 °C

Storage temperature range –65 to 150 –65 to 150 °C

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the network ground terminal.
2. Short circuits from outputs to VCC can cause excessive heating and eventual destruction.

DISSIPATION RATING TABLE

PACKAGE
TA ≤ 25°C

POWER RATING
DERATING FACTOR
ABOVE TA = 25°C

TA = 70°C
POWER RATING

TA = 85°C
POWER RATING

N 1150 mW 9.2 mW/°C 736 mW 598 mW

recommended operating conditions

LM2900 LM3900
UNIT

MIN MAX MIN MAX
UNIT

Supply voltage, VCC (single supply) 4.5 32 4.5 32 V

Supply voltage, VCC+ (dual supply) 2.2 16 2.2 16 V

Supply voltage, VCC– (dual supply) –2.2 –16 –2.2 –16 V

Input current (see Note 3) –1 –1 mA

Operating free-air temperature, TA –40 85 0 70 °C

NOTE 3: Clamp transistors are included that prevent the input voltages from swinging below ground more than approximately  –0.3 V. The
negative input currents that may result from large signal overdrive with capacitive input coupling must be limited externally to values
of approximately  –1 mA. Negative input currents in excess of  –4 mA causes the output voltage to drop to a low voltage. These
values apply for any one of the input terminals. If more than one of the input terminals are simultaneously driven negative, maximum
currents are reduced. Common-mode current biasing can be used to prevent negative input voltages.
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electrical characteristics, V CC = 15 V, TA = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS†
LM2900 LM3900

UNITPARAMETER TEST CONDITIONS†
MIN TYP MAX MIN TYP MAX

UNIT

IIB Input bias current (inverting input) II = 0
TA = 25°C 30 200 30 200

nAIIB Input bias current (inverting input) II+ = 0
TA = Full range 300 300

nA

Mirror gain II+ = 20 µA to 200 µA 0 9 1 1 0 9 1 1 µA/µAMirror gain II+ =  20 µA to 200 µA 
TA = Full range

0.9 1.1 0.9 1.1 µA/µA

Change in mirror gain
TA = Full range,
See Note 4 2% 5% 2% 5%

Mirror current
VI + = VI –, TA = Full range,

10 500 10 500 µAMirror current I + I ,
See Note 4

A g ,
10 500 10 500 µA

AVD
Large-signal differential
voltage amplification

VO = 10 V,
f = 100 Hz

RL = 10 kΩ,
1.2 2.8 1.2 2.8 V/mV

ri Input resistance (inverting input) 1 1 MΩ

ro Output resistance 8 8 kΩ

B1
Unity-gain bandwidth (inverting
input)

2.5 2.5 MHz

kSVR
Supply voltage rejection ratio
(∆VCC /∆VIO)

70 70 dB

II = 0
RL = 2 kΩ 13.5 13.5

VOH High-level output voltage
II+ =  0, 
II – =  0 VCC = 30 V,

No load
29.5 29.5

V

VOL Low-level output voltage
II+ =  0,
RL = 2 kΩ

II – =  10 µA,
0.09 0.2 0.09 0.2 V

IOS
Short-circuit output current
(output internally high)

II+ =  0,
VO = 0

II – =  0,
–6 –18 –6 –10 mA

Pulldown current 0.5 1.3 0.5 1.3 mA

IOL Low-level output current‡ II – =  5 µA VOL = 1 V 5 5 mA

ICC Supply current (four amplifiers) No load 6.2 10 6.2 10 mA

† All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for TA is
–40°C to 85°C for LM2900 and 0°C to 70°C for LM3900.

‡ The output current-sink capability can be increased for large-signal conditions by overdriving the inverting input.
NOTE 4: These parameters are measured with the output balanced midway between VCC and GND.

operating characteristics, V CC± = ±15 V, TA = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

SR Slew rate at unity gain
Low-to-high output

VO = 10 V CL = 100 pF RL = 2 kΩ
0.5

V/µsSR Slew rate at unity gain
High-to-low output

VO = 10 V, CL = 100 pF, RL = 2 kΩ
20

V/µs
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TYPICAL CHARACTERISTICS †
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TYPICAL CHARACTERISTICS †

Figure 5
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TYPICAL CHARACTERISTICS †

Figure 9
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† Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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APPLICATION INFORMATION

Norton (or current-differencing) amplifiers can be used in most standard general-purpose operational amplifier
applications. Performance as a dc amplifier in a single-power-supply mode is not as precise as a standard
integrated-circuit operational amplifier operating from dual supplies. Operation of the amplifier can best be
understood by noting that input currents are differenced at the inverting input terminal and this current then flows
through the external feedback resistor to produce the output voltage. Common-mode current biasing is generally
useful to allow operating with signal levels near (or even below) ground.

Internal transistors clamp negative input voltages at approximately –0.3 V but the magnitude of current flow has to
be limited by the external input network. For operation at high temperature, this limit should be approximately
–100 µA.

Noise immunity of a Norton amplifier is less than that of standard bipolar amplifiers. Circuit layout is more critical since
coupling from the output to the noninverting input can cause oscillations. Care must also be exercised when driving
either input from a low-impedance source. A limiting resistor should be placed in series with the input lead to limit the
peak input current. Current up to 20 mA will not damage the device, but the current mirror on the noninverting input
will saturate and cause a loss of mirror gain at higher current levels, especially at high operating temperatures.

1 MΩ

1 MΩ

1 MΩ

100 kΩ

91 kΩ

30 kΩ

1 kΩ10 kΩ

Output

Input
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–

+
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Figure 13. Voltage-Controlled Current Source
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Figure 14. Voltage-Controlled Current Sink
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PACKAGING INFORMATION

Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

LM2900D ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM2900

LM2900DR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM2900

LM2900DR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM2900

LM2900DR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM -40 to 85 LM2900

LM2900N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -40 to 85 LM2900N

LM2900N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -40 to 85 LM2900N

LM2900N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -40 to 85 LM2900N

LM2900NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -40 to 85 LM2900N

LM2900NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -40 to 85 LM2900N

LM2900NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type -40 to 85 LM2900N

LM3900D ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900D ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900D ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900DG4 ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900DG4 ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900DG4 ACTIVE SOIC D 14 50 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900DR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900
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Orderable Device Status
(1)

Package Type Package
Drawing

Pins Package
Qty

Eco Plan
(2)

Lead/Ball Finish
(6)

MSL Peak Temp
(3)

Op Temp (°C) Device Marking
(4/5)

Samples

LM3900DR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900DR ACTIVE SOIC D 14 2500 Green (RoHS
& no Sb/Br)

CU NIPDAU Level-1-260C-UNLIM 0 to 70 LM3900

LM3900N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type 0 to 70 LM3900N

LM3900N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type 0 to 70 LM3900N

LM3900N ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type 0 to 70 LM3900N

LM3900NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type 0 to 70 LM3900N

LM3900NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type 0 to 70 LM3900N

LM3900NE4 ACTIVE PDIP N 14 25 Pb-Free
(RoHS)

CU NIPDAU N / A for Pkg Type 0 to 70 LM3900N

 
(1) The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: TI has discontinued the production of the device.

 
(2) Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD:  The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based  die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): TI defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br)  and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

 
(3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

 
(4) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.
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(5) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

 
(6) Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

 
In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis.

 



TAPE AND REEL INFORMATION

*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

LM2900DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

LM3900DR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
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*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

LM2900DR SOIC D 14 2500 367.0 367.0 38.0

LM3900DR SOIC D 14 2500 367.0 367.0 38.0
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IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com
Wireless Connectivity www.ti.com/wirelessconnectivity

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2014, Texas Instruments Incorporated
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Overview
This new Adafruit shield makes it easy to use a 16x2 Character LCD. We really like the range of
LCDs we stock in the shop, such as our classic blue & white (http://adafru.it/181) as well as the
fancy RGB negative (http://adafru.it/399) and RGB positive (http://adafru.it/398). Unfortunately,
these LCDs do require quite a few digital pins, 6 to control the LCD and then perhaps another 3 to
control the RGB backlight for a total of 9 pins. That's half of the pins available on a classic Arduino!

With this in mind, we wanted to make it easier for people to get these LCD into their projects so we
devised a shield that lets you control a 16x2 Character LCD, up to 3 backlight pins AND 5
keypad pins using only the two I2C pins on the Arduino! The best part is you don't really lose
those two pins either, since you can stick i2c-based sensors, RTCs, etc and have them share the
I2C bus. This is a super slick way to add a display without all the wiring hassle.
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This shield is perfect for when you want to build a stand-alone project with its own user interface.
The 4 directional buttons plus select button allows basic control without having to attach a bulky
computer. 

The shield is designed for 'classic' Arduinos such as the Uno, Duemilanove, Diecimilla, etc. and
uses the I2C pins on Analog 4 and Analog 5. It will also work perfectly with Arduino Mega R3's.
Earlier Mega's have the I2C pins in a different location and will require you to solder two wires from
the I2C pins on the shield and plug them into the different I2C locations.

This shield will not fit easily on top of an Arduino Ethernet because of the Ethernet jack height.  You
can use a set of stacking headers to give the shield more 'lift' above the jack. (http://adafru.it/85)
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Parts List
Check to make sure your kit comes with the following parts.Sometimes we make mistakes so double
check everything and email support@adafruit.com if you need replacements!

1) Resistors
There is a total of 5 resistors in this kit.  For resistors labeled R1 and R2 on the PCB, they are 1/4W
5% 4.7K resistors (Yellow, Violet Red, Gold).  For resistors labeled RED and BLUE on the PCB, they
are 1/4W 5% 220 ohm resistors (Red, Red, Brown, Gold).  For the resistor labeled GREEN on the
PCB, it is a 1/4W 5% 330 ohm resistor (Orange Orange Brown Gold).

2) Potentiometer

There is one 10k trim potentiometer.  This part will go in the spot labeled Contrast, near the RESET
button. Note: The pot may be blue instead of orange.

3) Pushbuttons
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3) Pushbuttons
There are a total of 6, 6mm tactile switch pushbuttons.  These will be used in the UP, DOWN, LEFT,
RIGHT, SELECT, and RESET locations on the PCB.

4) i2c Port Expander Chip
There is one of these MCP23017 i2c (16 input/output) port expander chips in the kit.  This is how we
are able to only use 2 Arduino pins to run the entire LCD and buttons.  Click here for more info on
this chip. (http://adafru.it/732)

5) Male Header Pins
There are two strips of 36 male header pins in the kit.  These will be used to attach the shield to the
Arduino, as well as attach the LCD to the PCB.

6) Printed Circuit Board
There will be one PCB in the kit as shown above.

Additional
You'll want an LCD to place into the shield. This isn't included by default since a lot of people
already have LCDs they may want to use. (We do sell these in packs however so chances are you
did get an LCD with your order).

You can also use 16x2 LCDs or even OLEDs that are the same size that do not have an RGB
backlight, or have no backlight at all.

We carry Negative type (http://adafru.it/399) or Positive type (http://adafru.it/398) LCDs.
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Assembly
Check the kit against the parts
list (http://adafru.it/cl9) to verify you have all the
parts necessary

Put the printed circuit board into a vise or board
holder, heat up your soldering iron and make sure
you're ready to go!

We'll start with the first resistor R1 - which has
yellow, violet, red, gold bands on it. This resistor is
part of the interface between the Arduino and the
'port expander' that controls the LCD.

Bend the resistor into a 'staple' and slide it into the
slot marked R1 on the PCB. Resistors do not have
a direction so you can put it in 'either way' and it'll
work find.
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Bend the 'legs' of the resistor out so it sits flat
against the PCB and flip it over.

This way the resistor won't fall out while soldering.

With your soldering iron heated up and ready,
solder in both leads of the resistor. To do this, heat
up the round ring pad and the wire lead at the
same time for 2 or 3 seconds, then dip the end of
the solder into the heated joint to melt it in.

Then remove the solder and the soldering iron.

Once the soldering is complete, we can clean up by
clipping the leads of the resistor. This keeps them
from shorting to something else. Use diagonal or
flush cutters to clip the wires right above where the
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solder joint ends.

Since you did so great with the first resistor, we'll
place all of the rest now at the same time. R2 is a
4.7K resistor just like R1 (Yellow, Violet, Red Gold)
so place that one first

Next you can do the two 220 ohm
resistors RED and BLUE - named because they
are the backlight series resistors for the RGB
backlights on the LCDs. These resistors are
colored Red Red Brown Gold. They look very
similar to the 330 ohm resistor so check carefully
that you have the red-band ones. Use a multimeter
if you can to verify the resistance!

Finally, place the remaing 330 ohm resistor
(Orange, Orange, Brown, Gold) into
the GREEN spot. The green LED is might brighter
than the red or blue in the RGB backlight so a
larger resistor is required to balance it out.

Make sure the resistors all sit nice and flat against
the PCB.
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Solder the resistors just like you did with the first
one.

Clip all the leads.

Next up we will place the buttons. These buttons
are useful to send a signal to the Arduino (say if
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you have a basic menu system). We have a 4-way
'direction pad' for up/down/left/right input and a
button to the right called SELECT. These 5 buttons
should be able to make 'talking' back to your
project easy. These are connected to the I2C port
expander chip so they require no extra pins on the
Arduino, our library does the work of reading
whether they are pressed.

The button all the way to the right is the RESET
button, for when you want to reset the entire
system.

All the buttons are the same, and they should snap
nicely into place. Press down onto each button until
it snaps in and sits flat against the PCB.

Flip over the PCB and check that all the legs for the
buttons are sticking out.
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Solder each leg, taking care not to accidentally
'short' two button legs together. The ones for the
directional pads are very close!

We're nearly done! Now we will place the I2C port
expander chip. Double check that it has
the MCP23017-E/SP marking on it. This is a 16-pin
expander chip, that uses the i2c bus. That means
you can send it commands using the i2c pins on an
Arduino and control 16 more digital pins! 5 of those
pins go to the buttons, 6 go to the LCD control and
3 are used for the backlight (the remaining 2 are
unused).

Unlike buttons or resistors, chips do have a
direction and the must be put in the right way! First,
use a flat table to carefully bend the legs of the chip
so they are parallel. Then slip it into the
silkscreened outline so that the notch at the end of
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the chip is on the right. Click the image to the left to
make absolutely sure you've got it in the right way.
Once you are sure, press the chip into place.

Next, place the 10K potentiometer (the orange-
faced thing with three legs) into the spot above the
RESET button. It will only fit one way. This is the
contrast potentiometer which will adjust how dark
the characters appear. All displays are slightly
different so you'll adjust this once the display is
soldered in.

The kit may come with two potentiometers - a
big blue one for breadboarding the LCD and a
smaller orange one for the shield kit. You can
throw away or recycle the blue one, use only
the orange one here!

Flip over the PCB and solder in the three legs of
the potentiometer and then all 28 pins of the port
expander.
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Take a stick of 36 pin header and break off a 10
pin piece, an 8 pin piece and two 6 pin pieces.
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Place the header onto your Arduino, if you have an
R2 or earlier arduino, there will be two pins that
'hang over' past the AREF breakout. These two
extra pins are used for R3 and later Arduino
classics and Mega's to make connecting to the I2C
pins easier. We suggest keeping those two pins in
case you ever upgrade your 'duino.

Place the shield right on top. It should fit perfectly
where all the short ends of the header fit into the
holes of the shield.

To make it sit flat, you may need to clip the legs of
the buttons down - they will interfere with the DC
jack, lifting the shield a bit.
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Solder all of the header pins. Even though they
aren't used for passing signals, they will make the
mechanical connection to the Arduino strong.
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Next, check if you have an RGB LCD (with 18 pins)
or a Monochrome display (not RGB, with 16 pins).

If you have an RGB 18 pin display break off a
18-pin strip of header and place it with the long
ends down into the LCD placement slot.

If you have an Monochrome 16 pin
display break off a 16-pin strip of header and
place it with the long ends down into the LCD
placement slot so that the two right-most pins are
empty.

Now you can take the 16x2 LCD of your choosing
and place it on top. For the RGB LCDs we stock,
there are two connection rows, just make sure it
matches the outline silkscreen on the shield and
you should be good to go.

If your LCD does not have an RGB backlight or
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it has no backlight, you may have to shorten
the length of header (see the previous step)
until it matches and make sure the LCD fits
over the silkscreen outline.

If you already soldered all 18 pins but you have a
16 or 14 pin LCD, simply cut off the right-most pin
tops until it fits.

Solder all the pins to the LCD display.

Flip over the shield and place it flat on the table so
the long leads of the header stick out.

Solder each of the header legs.
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Finish up by carefully clipping the leads. For some
Arduinos, the long leads may interfere with headers
or parts on the Arduino board so we suggest just
clipping them all. Do it carefully as these are a little
difficult to cut and may fly at you. We suggest doing
it over a trash can.
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You're done!

Check out the next page for how to use the shield
and libraries.
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Using the RGB LCD Shield
The shield is really easy to use. Once you have attached the LCD of choice, plug it onto the Arduino
and download our library from github. The example included shows how to use the RGB backlight
control and reading from the keypad.

Download the Library
To interface with the LCD and buttons you must use our library which translates the commands
through the port expander

You can find our Arduino library source repository at the Github RGB LCD library
page (http://adafru.it/aMi). To install it, click the button below to download the compressed ZIP file
then install it. This guide (http://adafru.it/aYM) will help you with the install process if you have never
installed an Arduino library.

Download the Adafruit RGB LCD
Shield Library

http://adafru.it/d7p

Restart the IDE.
You should now be able to open up the File->Examples->Adafruit_RGBLCDShield->HelloWorld
example. Upload this to the Arduino with the shield on top and you should be able to perform the
following to test the buttons, LCD and backlight.

Adjusting Contrast
The shield uses a character LCD with an external contrast potentiometer. The first time you use it,
adjust the potentiometer in the bottom right until you see the text clearly. If you don't upload code to
the Arduino, some boxes will appear instead

Shared Pins
The I2C pins are shared with other pins, and each Arduino type has a different sharing
scheme. Those pins cannot be used for anything else than I2C when this shield is used!
Uno/Duemilanove/Diecimila - I2C pins are also the same pins as Analog 4 and Analog 5
Mega 1280 and 2560 - I2C pins are also the same pins as Digital 20 and 21
Leonardo and other 32u4-based - I2C pins are also the same pins as Digital 2 and 3

If you don't see any text on the LCD, be sure to try twisting the orange contrast potentiometer
until the text appears. You may have to turn it all the way around from one side to the other
until you see text

�
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Writing Your Own Sketches
The Adafruit_RGBLCDShield library is a derivative of the LiquidCrystal library that comes with
Arduino so you can call any of the functions that you're used to and they'll work just the same.

There are two extra functions you may want to use. One is lcd.setBacklight(color); which will
change the backlight color assuming you have an RGB LCD on. At this time, the library does not do
any PWM on the RGB backlight, so you can select from 8 different colors (inlcuding OFF) - if you
place these #define's at the top of your sketch you can simply call whichever color you want to
appear.

Another extra of the shield is a 4-way directional keypad plus select button. This will let you design
your own control interface for 'stand-alone' Arduino projects. All the buttons are read at once when
you call lcd.readButtons(); which returns a variable that has individual bits set for the buttons. You
can easily test for which buttons were held down at the time of the readButtons() call by using
bitwise & as seen in this code snippet.

Note that the library handles button debouncing internally.  There is no need to debounce the
buttons in your code.

// These #defines make it easy to set the backlight color
#define OFF 0x0
#define RED 0x1
#define YELLOW 0x3
#define GREEN 0x2
#define TEAL 0x6
#define BLUE 0x4
#define VIOLET 0x5
#define WHITE 0x7 

© Adafruit Industries https://learn.adafruit.com/rgb-lcd-shield Page 23 of 31



Using with Monochrome Displays
Displays with monochrome backlights are controlled by the RED pin and will only respond to colors
that have RED in them (RED, YELLOW, VIOLET). For these displays, you can use ON and OFF
instead as in the snippet below:

Detached Usage
If you want to have the shield disconnected from the Arduino (say to panel mount it) or if you want
to use it with a different type of processor board, its very easy!

uint8_t buttons = lcd.readButtons();

  if (buttons) {
    if (buttons & BUTTON_UP) {
      lcd.setBacklight(RED);
    }
    if (buttons & BUTTON_DOWN) {
      lcd.setBacklight(YELLOW);
    }
    if (buttons & BUTTON_LEFT) {
      lcd.setBacklight(GREEN);
    }
    if (buttons & BUTTON_RIGHT) {
      lcd.setBacklight(TEAL);
    }
    if (buttons & BUTTON_SELECT) {
      lcd.setBacklight(VIOLET);
    }
  }

uint8_t buttons = lcd.readButtons();

  if (buttons) {
    lcd.clear();
    lcd.setCursor(0,0);
    if (buttons & BUTTON_UP) {
      lcd.print("UP ");
      lcd.setBacklight(ON);
    }
    if (buttons & BUTTON_DOWN) {
      lcd.print("DOWN ");
      lcd.setBacklight(OFF);
    }
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Just power the 5V pin with 5V, common ground to GND and then connect the SCL labeled pin (top
left) to I2C clock and SDA to I2C data. Those are the only four wires you need to control the entire
shield.

On Uno-shaped Arduinos, SCL is also connected to Analog 5 and SDA is connected to
Analog 4.
On Mega Arduinos, SCL is also connected to Digital 21 and SDA is connected to Digital 20.
On Leonardo Arduinos, SCL is also connected to Digital 3 and SDA is connected to Digital 2.

Important: Wire +5V and GND to the shield pins shown in the pictures! The GND pin next to
the 5v pin is NOT connected. You must use the one next to the VIN pin!�

© Adafruit Industries https://learn.adafruit.com/rgb-lcd-shield Page 25 of 31



 

© Adafruit Industries https://learn.adafruit.com/rgb-lcd-shield Page 26 of 31



�

�

�

F.A.Q.
I have a monochrome display and some of the buttons don't work.

The monochrome display only responds to backlight colors with RED in them.  Use "ON" and
"OFF" instead.  See the code snippet under "Using with Monochrome Displays"

What pins are used? What pins are available?
The shield uses only the SCL and SDA i2c pins, and 5V power and ground. You can use the I2C
pins for other I2C sensors/devices as long as they do not share the same address. If you are
using an Arduino UNO, Analog 4 and Analog 5 are shared with SCL/SDA so you can't use
them. Likewise, Arduino Leonardos share SCL/SDA with Digital 2 & Digital 3 so those would not
be available.

I'm trying to compile and I'm getting error messages like "No such file or directory" or "does not
name a type"

If you're seeing error messages that look like any (or all) of the following, it means that the
Arduino IDE is not finding the Adafruit libraries

error: Adafruit_MCP23017.h: No such file or directory
error: Adafruit_RGBLCDShield.h: No such file or directory
error: 'Adafruit_RGBLCDShield' does not name a type
error: 'lcd' was not declared in this scope
error: 'BUTTON_UP' was not declared in this scope
error: 'BUTTON_DOWN' was not declared in this scope
error: 'BUTTON_LEFT' was not declared in this scope
error: 'BUTTON_RIGHT' was not declared in this scope
error: 'BUTTON_SELECT' was not declared in this scope

There are three possible causes for this:

1. You didn't download the library folder.

Adafruit has written some extra software to make it easy to use your shield. This
software is contained in a library folder that you can download here:

 https://github.com/adafruit/Adafruit-RGB-LCD-Shield-Library (http://adafru.it/aMi)

You download the folder by clicking on the Downloads (http://adafru.it/aMj) button
in the top right. You will have the option of downloading the library in one of two
compressed formats: '.zip' or '.tar.gz'. Windows and Mac users will probably want
to select .zip, while Linux users may prefer .tar.gz.
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MacOS will automatically uncompress the downloaded file into a folder, which you
should find in the Downloads folder. 

Windows users can double-click on the downloaded file. This will open an Explorer
window which will allow you to extract the compressed library folder.

(Continue to the next paragraph to find out what to do with the uncompressed
download)

 2. The library folder has the wrong name.

After downloading and uncompressing the library folder, you must change the
name of the folder to exactly "Adafruit_RGBLCDShield". Don't abbreviate, add
any spaces, underscores or other characters. Make sure the capitalization is the
same as shown here.

(Continue to the next paragraph to find out where to put the library folder)

3. The library folder is in the wrong place.

When you installed your Arduino IDE, it created a 'sketch folder' for you (if you
don't already know where that sketch folder is, go into the Arduino application's
'Sketch' menu, and select 'Show Sketch Folder').

Inside of the sketch folder, there should be another folder called 'libraries'. If not,
create a new folder inside of the sketch folder, and name it "libraries" (the name
must be exactly "libraries" - not "library" or"librarys" - not even "Libraries" with a
capital 'L' ! ).

Move your new Adafruit_RGBLCDShield folder into this libraries folder.

Once you've made sure the folder has the right name and is in the right place, you have to close
and reopen the Arduino IDE, so that it will recognize the new library.

if you're curious, you can learn more about libraries here: 
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http://learn.adafruit.com/arduino-tips-tricks-and-techniques/arduino-
libraries (http://adafru.it/aYG)

Does the shield do the button de-bounce logic internally, or do I need to do that in software when
reading the buttons?

The Adafruit_RGBLCDShield library handles button debouncing for you, when you use the
readButtons() function.

Is this compatible with my Arduino? There are two extra pins on the header that don't plug into
anything.

The shield will work fine with older Arduino boards.  Extra pins were added to the R3 version of
the Uno and Mega.  These are duplicates of other header pins and are not required for proper
operation of the shield.  

Does this work with the Raspberry Pi?
At this time, it does not! This shield is for Arduinos only!

I am using this detached from the Arduino and it doesn't seem to be getting any power.
Only the ground pin next to the VIN pin is used. You need to connect your ground wire to this
pin.

Can I use this with 20x4 LCDs?
Technically, yes. The pinouts for 20x4 and 16x2 are identical. However, the screen is way
bigger, and it covers the buttons up so we don't suggest it.
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Downloads
Firmware

Arduino library code is available here at github (http://adafru.it/aMi)

To download. click the ZIP button in the top menubar, rename the uncompressed folder
Adafruit_RGBLCDShield. Check that the Adafruit_RGBLCDShield folder contains
Adafruit_RGBLCDShield.cpp and Adafruit_RGBLCDShield.h

Place the Adafruit_RGBLCDShield library folder your /libraries/ folder. You may need to create the
libraries subfolder if its your first library. Restart the IDE.

If you're still having problems installing the library, check out our great Arduino Library Installation
tutorial (http://adafru.it/aYM)

PCB Files
Schematic and Layout files in Eagle 6 format are here at github (http://adafru.it/aQs) To download.
click the DOWNLOADS button in the top right corner
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